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ABSTRACT

Previous studies have given evidence that a proposed demonstration of the

technical feasibility of navigation on the St. Lawrence River during periods
of ice cover could result in serious negative effects on several aspects of
the riverine ecosystem. In anticipation of a demonstration project,
limnological and glaciological studies were conducted on the river during the
period February - April, 1979. The studies were planned with three overall
objectives: (1) acquire additional data on the winter environment of the St.
Lawrence River under non-demonstration conditions; (2) determine the extent to
which environmental conditions within the proposed "Demonstration Corridor"
can be predicted from monitoring sites located outside of the Corridor; and,
(3) develop recommendations to assist in the design of future assessment of the
environmental effects of winter navigation.

Sampling sites were established in wetland, shoal, bay, nearshore, and
channel areas at three locations along the St. Lawrence for the limnological
study plus two additional locations for the glaciological work. Water,
sediment, and ice samples, taken repeatedly from each location, were character-
ized physically, chemically, or glaciologically. Qualitative and statistical
comparisons were made on limnologic and glaciologic characteristics of the
river between locations in and out of the proposed Corridor ("paired sites")
to determine similarities between locations.

The results of the limnological study indicate that paired sites on main
flow areas of the river, especially channel sites, may be sufficiently related
with regard to water quality to permit accurate predictions of a limited
number of water quality characteristics in the Corridor from measurements
taken from locations outside. However, particle-related parameters could not
be predicted. Water quality at paired sites in peripheral areas, especially
wetlands and bays, was influenced largely by local environmental conditions
and not accurately predictable between paired sites. Changes in sediment
characteristics were not predictable between paired sites. For future
investigations of the effects of a demonstration grogram on water and sediment
quality, major recommendations focus on a need for more information concerning
particulate matter and sediments in the river and the potential benefits to be
derived from an environmentally sound, deterministic model of water quality in
the St. Lawrence River.

The results of glaciologic studies indicate that bathymetric conditions
and ice boom emplacement act to define four distinct glaciological reaches
within the Demonstration Corridor. The reaches, identified by geogrphical
location, are: Brockville Narrows, Morristown Pt.-ftdensburg, Ogdensburg Boom,
and Galop Island Booms. Natural patterns of ice formation and erosion are
related to the placement of islands, midchannel shoals, and littoral areas in
the Corridor. However, wholly natural patterns of ice formation and erosion
appear to be rare within the Corridor. The occurrence and dynamics of open
water pools within the ice cover are characteristlc features of particular
glaclologic reaches within the Corridor. The paired sites samples indicate a
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characteristic glaciological zonation of ice stratification in harbor-wetland
areas. Four such zones were identified. Ice forms in bays and wetlands were
highly dependent on exposure to wind and snow. At bay sites, snow ice
amounted to approximately 50% of the ice thickness, while in wetland edge
sites, suow ice apiproachcd 90%. RUcuIutildaiuaIs fur future sLudies strongly
suggest that greater benefits would be derived from a full winter period of study,
rather than the amount of time available for the present work. Further
recotmendations reflect the need for increased aerial photomapping, examining
the potential uses of SLAR, detailed bathymetric charts of Corridor, and
better information on the structural glaciology of open water pools during
the entire winter season.
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SUMMARY

Water, sediment, and Ice s!nmples collected from a variety of habitats in

and out of a proposed "Demonstration Corridor" were analyzed for a wide range

of characteristics. The characteristics were compared between locations to

assess the degrue of predictability inherent in each. The results of the
investigation lead to the conclusions and recommendations set forth below.

LIMNOLOGY

Conclusions

1. Water quality in the main flow of the St. Lawrence River was similar
to that in Lake Ontario, as was determined from a comparison of a wide
variety of water quality parameters between the two bodies of water.

2. Water quality in peripheral areas along the river, particularly
wetlands and bays, was independent of water quality in the main flow during
periods of ice cover and spring thaw.

3. Water quality in the main flow of the St. Lawrence River showed
similarities in magnitude and direction of change for several parameters
during the investigation. However, it should be noted that absent from the
list of correlated parameters were those which were related to the amounts of
particulate matter in the water. Lacking these parameters, a paired site
approach will be strongly dependent on water quality parameters which will be
relatively unaffected by vessel transits during ice cover. Bearing this in
mind, the similarities suggest that main flow control sites established
outside a Demonstration Corridor could be paired successfully with sites
within the Corridor to predict water quality with sufficient accuracy to test
the effects of vessel transit on water quality. However, data collected
during the present study indicate that such an approach can be considered
valid only for main flow sites, especially channel sites.

4. Water quality at the major locations selected for study, considering
all habitat types together, showed relatively low correlation between
locations for all p:rameters with the exception of water temperature. Thus,
general and accurate predictions of water quality at sites within the
Demonstration Corridor are not possible from simple, direct relationships to
parameters measured outside the Corridor.

5. Multivariate relationships developed by CANONA showed a high degree
of correlation between locations for all habitat types considered together.
However, the relationships so identified were impossible to identify in
ecologically meaningful terms due to intercorrelations between parameters.

6. A multivariate factor analysis of water quality at each location
showed fundamental differences in the major factor affecting water quality at
sites sampled in and out of the Corridor. While open water characteristics
dominated water quality measurements taken outside the Corridor, within the
Corridor wetland and bay sites had a greater influence on measured parameters.



7. Sediments from wetland and bay sites at Blind Bay, Morristown, and,
to a lesser extent, Brandy Brouk, showed elevaLed levels of phosphorus, zinc,
and copper.

8. Sediment quality, as determined by several parameters, did not show
significant changes between sampling dates at any of the habitat sites. Thus,
prediction of sediment quality between locations, based on correlated changes,
was not possible.

Recommendations

1. A paired site approach to assessment of vessel transit impact on
water quality, wherein control sites are established outside of the
Demonstration Corridor, should focus primarily on main flow habitats: channel,
shoal, and nearshore sites. Other types of habitat are not suited to paired
site comparisons.

2. Only those water quality parameters which correlate between loca-
tions but are uncorrelated with each other should be employed for multivariate
paired site comparisons; for example, water temperature, dissolved oxygen or

pH, total soluble phosphorus or soluble reactive phosphorus, nitrate, and

calcium or total hardness.

3. Further studies of the relationship between levels of suspended
particulate matter from one location to another along the river should be
performed under non-demonstration conditions. Failure to include a
particulate-related parameter which correlates between locations will reduce
the effectiveness of a paired sites approach to monitoring demonstration
activities.

4. Future studies should be directed toward characterization of the
sediments of the Corridor with respect to particle size distribution, potential
for resuspension, desorption of nutrients and metals, and biological effects
of the latter materials.

5. A deterministic model of water quality, which includes hydraulic
as well as important water quality parameters, could provide a more accurate
control for assessment of demonstration activities than paired sites
comparisons. Development and calibration of such a model should be a focal
point for future investigations-on the St. Lawrence River.

6. Investigations of time and spacially variant parameters of winter
water quality should be initiated no later than a month before the river begins
to freeze over; approximately, mid-November. Water quality parameters are
not discontinuous functions of time, and studies designed to predict
magnitudes and explain variability of major parameters should not be constrained
by time factors which are not related to environmental conditions.
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GLACIOLOGY

Conclusions

Demonstration Corridor

1. Bathymetric conditions and the resulting upwelling, together
with the placement of ice booms, are the principal factors that define
four glaciological reaches of the Demonstration Corridor. These reaches
are the Brockville Narrows, Morristown Point-Ogdensburg, Ogdensburg Ice
Boom, and Galop Island Booms.

2. The lateral boundaries of pools in the Ogdensburg Ice Boom and
Galop Island Reaches are largely determined by the location of the 24'
depth contour.

3. Pools in the Morristown Point-Ogdensburg Reach are the result
of the packing of floes of loose slush and frazil, thermal cracks, and
shear cracks kept open by currents.

4. Ice boom placement determines the pool boundaries of the Ogdens-
burg Ice Boom and the Galop Island Reaches.

5. In the Brockville Narrows Reach, rough bottom conditions and
the resulting upwelling are the principal factor controlling the location
of pools.

Control Sites

1. The maximum ice cover durations for protected shallow control
sites are the following:

Chippewa Bay 139 days
Blind Bay 135+ days
Morristown Harbor 98 days
Nevins Point Area 103+ days
Tibbits Creek 118+ days
Brandy Brook 128+ days

2. Wetland edge environments are covered by a frozen three-layered
formation consisting of snow ice, lake ice, and frozen organic-rich bottom
sediments.

Recommendations

Demonstration Corridor

1. Aerial photomapping of the Demonstration Corridor beginning at
the time of initial ice formation and extending during the whole process
of ice erosion. In addition, low altitude missions are needed at selected
times for stereo examination of ice conditions. It is necessary to have
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a complete overview of 100-150 day period that ice covers the various
riverine environments.

2. Develop the capacity for all-weather monitoring of ice forma-
tion and ice erosion in the Demonstration Corridor by utilizing SLAR

(Side Looking Airborne Radar) in coordination with aerial photomapping.

3. CoMpl.e photo inLturpruLLoU guidu of Olu St. Lawrunce River
ice characteristics.

4. Compile a bathymetric chart of the Demonstration Corridor
utilizing the vast array of soundings on NOAA field sheets. Versions

of this chart in normal format and shaded relief aid in visualizing

the engineering and environmental factors associated with demonstra-

tion voyages.

5. Investigate the structural geology of ice surrounding pools
originating from upwelling currents and ice boom placement.

6. Carry out a full winter's study in order to define the stages
and processes occurring in ice formation and ice erosion in the Demon-

stration Corridor. The study should extend over several winters to

include winters of varying severity.

7. In the future, if winter navigation studies, are to be carried
out in the Demonstration Corridor, it would be helpful if the objectives

of the scientific programs were carefully explained in the media prior
to the studies. This would serve to inform residents along the river
and help to allay suspicions. Winter navigation is not a popular subject

with these people, who sec their economic livelihood threatened.

Attempts to develop a data base in their dooryards is often viewed with
distrust. Field studies benefit from the cooperation and advice of

experienced residents, and scnsitivity to these tssues by explanation

at the local level would be productive.

Control Sites

1. Studies need to begin at the start of the winter, particularly
in bays and wetlands, in order to trace the important role snow and snow

ice plays in the formation of the ice cover. The stratigraphic interpre-

tation of late winter ice cores is made difficult without these data.

2. Requests be made of federal or state authorities for detailed

soundings extending from bay mouth to wetlands in bays and harbors
fringing the Demonstration Corridor.

3. Contracts for studies of control sites in Demonstration Corridor

be issued early in the fall to allow for recruiting of field staff. In
particular, if students are utilized as field assistants, sufficient lead

time is needed to arrange class schedules to permit 1-2 full days a week

in the field. Commitments must be made to students for the academic year
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to most efficiently meet both project and student financial requirements.

4. Safe river studies in areas of cold, moving, open water and ice
mandate adequate lead time for locating riverworthy airboats, trained
operators, and cold water protective garments.

5. Investigate the possibility that thin ice layers in frozen, organic-

rli bottom sediments in St. La-wrcnce River wetlainds, furerly ascribed to
water level fluctuations, may be the result of the formation of segregated
ice layers and lenses marking periods of slow downward freezing. Auto-
matic water level recorders and thermocouple probes should be used to
monitor ice layer formation at the wetland edge.

6. Future studies of the development of stratigraphic features in
the ice canopy should utilize vertical thin sections photographed in
polarized light to determine the origin of these features.
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INTRODUCTION

As part of on-golng efforts to demonstrate the practicality of extending
the navigation season on the Great Lakes-St. Lawrence River System, a Winter
Navigation Demonstration Program has been planned for possible implementation
in a selected corridor along the St. Lawrence River. Included in the
Demonstration Program are modifications to existing ice booms in the
Demonstration Corridor to permit ship passage, installation of additional ice
stabilization structures, and a limited number of actual vessel transits
through the Corridor, which extends from Brockville Rock, near Morristown,
New York to-Frazer Shoal, near Cardinal, Ontario.

Studies conducted during the winter of 1977-78 by the New York State
Department of Environmental Conservation and the College of Environmental
Science and Forestry of the State University of New York have given strong
indications that activities connected with the proposed Demonstration Program
could have serious adverse impacts on the environment and ecology of the St.
Lawrence River within the Demonstration Corridor. Further, these studies
point to a requirement for extensive characterization of baseline aspects of
the Corridor as an ecosystem prior to implementation of the proposed
Demonstration Program.

In recognition of the need for additional data on the St. Lawrence River,
the activities set forth below are designed to provide information on physical,
chemical, and glaciologic characteristics of the St. Lawrence River in a
manner which would be useful for future efforts at planning a program of
assessment of demonstration activities. Due to severe constraints in time
and funding, the work described here cannot address baseline characterization
in a comprehensive, intensive manner. Rather, this investigation focuses on
a limited set of parameters for the purpose of characterizing short-term
changes at selected locations along the St. Lawrence River during a late
winter period of ice cover.

The investigation was conducted in two parts; the first concerned water
and sediment characteristics, while the second addressed aspects of river
glaciology in the vicinity of the proposed Demonstration Corridor. The
objectives of the limnologic portion can be stated as follows:

1. Acquire data, under non-demonstration conditions, on water and
sediment quality in five specific habitat types as they occur in the vicinity
of the proposed Demonstration Corridor of the St. Lawrence River, under
conditions of ice cover.

2. Determine the degree to which sites outside of the proposed
Demonstration Corridor can be used as controls for assessing the impact of a
Demonstration Program on water and sediment quality parameters within the
proposed Corridor.
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3. Recommend criteria for design of future investigations, particularly
for assessing the impacts of the Demonstration Program on water and sediment
quality in the St. Lawrence River ecosystem.

Similarly, the objectives of the glaciologic study can be stated:

1. Acquire ice daca, under non-demonstration conditions, on Lhe ice
canopy at five specific habitat types inside and outside the Demonstration
Corridor.

2. Determine the degree to which sites outside of the Demonstration
Corridor can be used as controls for assessing the impact of a Demonstration
Program on the ice canopy and the surrounding environment in the Corridor.

3. Recommend criteria to design future investigations for assessing the
impacts of the Demonstration Program on the ice canopy and its effect on the
St. Lawrence River ecosystem.

Due to distinct differences in methodology, results, and interpretation
of results, the main body of this report will treat the two parts of the
investigation separately.
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PART 1

ANALYSIS OF CONTROL SITES: LIMOLOGY



1.I. METHODS OF INVESTIGATION

GENERAL APPROACH

The general approach taken in this phase of the investigation was to
monitor the levels of several physical and chemical characteristics of the
water and sediments at three major locations along the St. Lawrence River.
The major locations were selected based on two criteria:

1. Proximity to the proposed "Demonstration Corridor" which extends
from Morristown, NY to Cardinal, ONT, approximately. The Corridor is the reach
of the river which has been proposed for use in a demonstration of the
technical practicality of winter navigation.

2. Accessibility of multiple ecological habitat types within the general
area of the location, to include: wetland, near shore, bay, shoal, and deep
off-shore.

Two major locations were selected outside of the Corridor, one upstream and
one downstream, and one location was selected within the Corridor. Generally,
upstream and downstream locations were sampled on alternate sampling dates,
while the location within the Corridor was sampled on each sampling date.
This sampling scheme allowed for a pairing of data collected in and out of the
Corridor to determine the degree to which variability in measured parameters
followed correlated and possibly predictable trends.

FIELD METHODS

Locations

The sampling location selected to represent conditions within the
Corridor was placed at Morristown, NY. As shown in Figure 1 , the Morristown
location, which included the Morristown harbor area .plus off-shore channel
and shoals, provided each of the desired habitat types. The upstream
location was selected at Blind Bay and vicinity, shown in Figure 2 . Shoal
sites for Blind Bay were. located near Whaleback Island, downstream from the
mouth of Blind Bay. The Brandy Brook-Murphy Island Shoal area was selected
as the location downstream of the Corridor. Illustrated in Figure 3 are the
sampling sites which were visited in the vicinity of Brandy Brook during this
study. As indicated on Figures 1 , 2 , and 3 replicate samples were taken
from sites where spacial variability was expected to be especially significant:
wetlands, bays, and near shore sites.

Sampling Schedule

Water and sediment samples were collected from sites at the major
locations according to the dates given in Table I . Owing to the late
starting date for the investigation and an early degeneration of ice cover,
samples taken prior to the first week of March are most representative of
winter conditions at the locations observed during this investigation. Samples

4



Figure 1. Sampling Sites in the Vicinity of Morristown, NY

Site Numbers Habitat Type

11, 12. Bay
13, 14 Near Shore
15 Channel-Near Shore

(Temporary)
16, 17, 18 Wetland
27 Channel
28 Shoal

Scale: 1 in = 2500 ft
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Figure 2. Sampling Sites in the Vicinity of Blind Bay

Site Numbers Habitat Type

1, 2 Near Shore
3, 4, 5 Wetland
6, 7 Bay
8 Channel
9 Shoal
10 Shoal

Scale: 1 in = 2500 ft

6



Jf I ,v

• ! / .J i .1 - -t
l  

,..# ,, c 54 ' ir I"~ ' /,/ _,I,. .

" / .:.-wj ,,.. ,.l ¢ '."_ t , D." .our -''" . "-. " ; ' 'i' /7/

- . /- r~ (,> / 56.,,, ,..-... , , ... .j ,.- ,, ... ,,., .... , . *c, ,, I. .
q --" fA i I. ' ,'- N,. ...,. - ,..- T. ~ , - / , - S

.. .. - /. in

t2 - 30s'

7'gt . "- :'- -., ,/ ' i .. 42 "' - .,, 'I . - -- / . __ __,

• " ,. ,l% ,.../ ". -' "3 '.5* ,\ I " <. ,i)i l,
60li'liii~~l - (* • 'i~' Q- / N'L I , / 11I

• , i - ~ #A ,,,,,, 7  iKl

' J " " -.3 5' , " "i"

5' 3# --. = , . //

'y Iff /1

" ' 7" 't G ,A "D/

- 4 6 t162 /31' / 2' " /

40 5 ic =-' o# ; , /!. 7 , l j', --.i

• - ' " - " ..- "./* ,- ,- L' , / 89 / ""Vl

',,7R ;- i . ,r-'< . ,,-- "" ;'- 5., 0 .<6 ,-- / I' / il/

S~ /6 f 7

/o n ' .. I

" ' ,8 6, d ' 3?,/'/; s 5

• , , , , 1 ," i' I

-3 /2 29 5 Z

..' -- nfl.' 1- ,l i '.-', , .- -, .i, :' " '0,/ ,, ,'S,,*-

' 3 , . . " • ',,, " 1
Me o"A. 2 . SI LO

o -' _ * '6 4- . , 'is .J 7;'.' .,._ <',, ,7, 1

, ,l , Y ' . " , f ":.--2,- "7="> '
. r i, , , ... , 3 / . 4IY.- ., ,/\\.

, ,.. • ,-. - /€J - \ -,. (/.ti -

. ,.t- - ,., r,. 7)' - \ ./\/~

p. iw , // ... . , .. ,

1.2 / t ~ '~

4.8"=_j ) A

- ",, :- / ,,..", . <dy ""6

;4:

L. l -, .' , 1 6
. ',6 " .

Indian ,.4uI" Is ' %h/,

- s I4.e~l# Q8''P I' ' ' " '3 ' 0 /5\

* / '.z "* 11. (F2Z '-- • ,." oil

A'. 'P, a

4.P'

2 3/

'8d,,I .
I 

- l N '""L-J' lil I . -/.- 7 .,

,. ,.,S',,r..,.: . . §.,.,. 2, .-q . , . .. . .I

I- Q/.

'P 2 g*' 'I' / 13 I I I

76' 1 13C, 3



Figure 3. Sampling Sites in the Vicinity of Brandy Brook

Site Numbers Habitat Type

19, 20, 21 Wetland
22, 23 Bay
24 Channel
25 Shoal
26 Near Shore

Scale: 1 in = 2500 ft
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TABLE 3

Dates of Sample Collection, St. Lawrence River; 1979

Sample River Location
Type Blind Bay Morristown Brandy Brook

WATER 13 FEB 13 FEB
23 FEB 23 FEB

28 FEB 28 FEB
9 AR 9MAR

13 MIAR 13 MAR
20 MAR

30 MAR 30 MA 30 MAR
23 APR 23 APR 23 APR

SEDIMENT 28 FEB 23 FEB 23 FEB
23 APR 23 APR 23 APR
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taken after that time represent conditons during the transition to an ice-free
spriag condition, which was complete at all locations by the first week of
April, approximately. Unsafe ice conditions made it impossible to sample all

siteB (habitat type:i) during each bumpiing period.

Sampling Methods

A 23 cm (9 in) diameter power auger was used for sampling water and
sediments through the ice cover. After the initial boring, water temperature,
dissolved oxygen, and water depth were determined and recorded. Water samples
were then taken from a depth approximately midway between the ice cover and
the bottom by means of a plastic Van Dorn or Kemmerer sampler and transferred
to acid-rinsed polyethylene bottles. Upon return to the laboratory, an
aliquot of each sample was filtered, and both filtered and unfiltered samples
were frozen until later analysis for phosphorus and nitrogen. Other water
quality parameters were measured on unfiltered samples upon return to the
laboratory.

Sediment samples were obtained with a 225 cm2 (34.8 in 2) Ekman dredge
from all sites where the substrate could be penetrated and transferred
directly into acid-rinsed plastic bags. Sediment samples were returned to the
laboratory and stored wet at 4 0C (390F) in the dark until analysis.

ANALYTICAL METHODS

Laboratory Analyses

Presented in Tables 2 and 3 are lists of the parameters which were
determined on water and sediment samples, respectively. The methods used in
each analytical determination are given also in the tables. Specialized
analytical equipment which was used during sample analysis included: YSI Model
54 DO Meter/Thermistor; Hach Model 2100A Turbidimeter; Corning Model 12
Research Grade pH Meter; Bausch and Lomb Spectronic 88 Visible Spectrophoto-
mcter; Beckman Model DB-G UV-Visible Spectrophotometer; Microkjeldahl
digestion racks; Orion Model 901 Specific Ion Meter/Microprocessor; ASTM
Hydrometer, #151 H; Muffle Furnace; Perkin-Elmer Model 107 Atomic Absorption
Spectrophotometer with lamps; Mettler Analytical Balance, Model HI0. All
analytical separations into soluble (filterable) and particulate (nonfilter-
able) fractions were performed using 0.45 p hemicellulose acetate membranes
in Gelman filtration funnels. Details on analytical methods can be found by
consulting the references cited in Tables 2 and 3 •

Data Analyses

After water samples for a particular date were analyzed for the
parameters described above, data from replicated sites (for example: Sites 3,
4, and 5, the wetland sites at Blind Bay) were averaged to give mean values
for each water quality parameter and entered into a minicomputer-based data
storage and retrieval system. Available hardware for the system included a
48K RAM North Star minicomputer plus dual-drive floppy disk storage, a Lear-
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TABLE 2

Water Quality Parameters and Methods of Analysis

Parameter Method

Temperature (in situ) Electrometric; thermistor
Dissolved Oxygen (in situ) Polarographic; Dissolved Oxygen Electrode
Turbidity Nephelometric; Formazine Standards
Suspended Solids Gravimetric (Non-Filterable Residue;

APHA, 1975)
pH Electrometric; Combination Electrode
Alkalinity Potentiometric Titration (APHA, 1975)
Phosphorus (Total, Total Persulfate Digestion and/or Ascorbic

Soluble, Soluble Reactive) Acid Colorimetric (EPA, 1976)
Nitrate-Nitrogen UV Spectrophotometric (APHA, 1975)
Total Kjeldahl Nitrogen Indophenol Colorimetric (Scheiner, 1976)
Calcium EDTA Titrimetric (APHA, 1975)
Tctal Hardness EDTA Titrimetric (APHA, 1975)
Chloride Specific Ion Electrometric (EPA, 1976)

TABLE 3

Sediment Quality Parameters and Methods of Analysis

Parameter Method

Moisture Content Unit Weight Loss on Drying at 103 C
(217.40F)

Organic Content Unit Weight L ss on Combustion at

5500C (1022 F)
Subsieve Particle Size Hydrometer (ASTM, 1973 )
Distribution

Phosphorus (Available, 0.1N NaOH Extraction and/or H2SO4 -
Total) HNO3 Digestion and Ascorbic Acid

Colorimetric (Sagher, 1976 ; APHA,
1975; EPA, 1976)

Metals (Fe, Zn, Cu, Cr) HNO3 Digestion and Atomic
Absorption SpLctrophotometric
(EPA, 1976)
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Siegler video terminal, and a Texas Instruments Omni 800 line printer. The
formal programming language was BASIC. Data were stored and retrieved by
date, location, site (habitat type), and parameter, and the storage system
permitted single parameters to be up-dated, a significant time-saving
feature. The retrieval system produced a summary listing by date of mean
values of each parameter for each habitat type at each major location. The
summary listing provided a convenient format for comparing parameters between
dates, sites, and locations while the results were examined for relationships
to results obtained during other studies on the St. Lawrence River and
possible causal or predictable variations between parameters at paired sites
in and out of the Corridor. The minicomputer system was programmed further
to calculate zero-order correlation matrices between parameters measured at
paired sites. The correlation matrices were required as input to CANONA
(Canonical Correlation Analysis), the -multivrariate procedure selected to
assess apparent similarities and differences between paired sites. An SPSS
(Statistical Package for the Social Sciences) version of CANONA was employed
(SPSSH-Release 6.02) and was accessed through the IBM 0S360/65 at Clarkson
College. As a further assist to defining patterns of variation in water
quality within and between major locations, an SPSS routine was employed to
factor analyze the zero-order correlation matrix.
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1.II. DESCRIPTION OF WATER AND SEDIMENT QUALITY

GENERAL

The purpose of this section is to present the water and sediment physical
and chemical data obtained on the St. Lawrence River during the Winter of 1979.
Interpretive and comparative comments will be reserved for the following
discussion section. Recall from the methods chapter that there are three
locations on the River for which water and sediment data were obtained - Blind
Bay (upstream of Demonstration Corridor), Morristown (in Demonstration
Corridor) and Brandy Brook (downstream of Corridor). For each location 5
habitat types (sites) were sampled. Since the object of this study is the
possible establishement of control sites, the data will be presented in such a
manner as to facilitate comparisons among a given habitat type at all three
locations. In the interest of presenting a usable summary of the data in this
section, mean values of each parmneter will be given for each site. Only in
certain cases will a temporal profile be presented; however, for a complete
listing of all data gathered refer to Appendix A.

WATER QUALITY

Channel Sites

The temporal averages of water quality data for the channel sites of the
three locations of this study are presented in Table 4. The open channel of
the river appears to be of good overall quality. Water clarity is good with
low average turbidities and suspended solids. Dissolved oxygen is very close
to saturation at all channel locations. Plant nutrients - nitrogen and
phosphorus - are not excessive at these sites. Total N/P molar ratios range
from about 50/1 to 70/1, suggesting that of the two phosphorus would limit
primary productivity.

The pH buffering system in the open river appears to be quite stable and
controlled by the carbonate system. A pH of 8.1 and an alkalinity of 1.80
meq/t, such as ihe data indicate, would yield a total inorganic carbon content
of 1.82 mM/£. This is somewhat oversaturated with respect to atmospheric C02 ,
as might be expected under ice. The buffer intensity for this system
(assuming CT = constant) would be 8CB - 9.45xi0-5 .

T
The open river water has a total hardness of approximately 130 mg/i as

CaCO 3, with a calcium hardness of approximately 100 mg/L as CaCQ 3 . This is a
reasonably hardwater system with about 40 mg/i as CaCO 3 of non-carbonate
hardness. This relatively high non-carbonate hardness can be accounted for
by association with the chloride in the system.

Shoal and Nearshore Sites

The winter water quality for the shoal and nearshore sites sampled in
this study appeared to he very similar to that for the channel sites (Table
5). There is no apparent decrease in water clarity or increase in suspended
solids concentration that might be expected for more shallow sites under ice.
Although total phosphorus concentrations are slightly higher at the Morristown
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TABLE 4

Mean Values of Water Quality Parameters in
St. Lawrence River Channel Sites, Winter 1979

Parameter Blind Bay Morristown Brandy Brook

Dissolved Oxygen (mg/Z) 14.50 14.5 14.6

Turbidity (ntu) 1.70 1.15 2.7

Total Suspended Solids (mg/1) 1.2 1.4 1.6

pH 8.07 8.29 8.09

Total Alkalinity (mg/i as CaCO3) 90.8 90.5 89.6

Total Hardness (mg/L as CaCO3) 132.5 131.0 131.5

Calcium (mg/Z as Ca) 41.0 40.3 40.2

Chloride (mg/i) 32.8 31.7 34.8

Total Phosphorus (AgP/i) 15.0 15.1 14.4

Total Soluble Phosphorus (ugP/) 10.4 6.1 8.9

Soluble Reactive Phosphorus (vgP/2) 7.65 4.2 8.2

Total Kjeldahl Nitrogen (ugN/Z) 80 - 270

Nitrate+Nitrite-Nitrogen (pgN/Z) 443 314 445
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TABLE 5

Mean Values of Water Quality Parameters in
St. Lawrence River Shoal and Nearshore Sites,

Winter 1979

Parameter Blind Bay Morristown Brandy Brook
Shoal Nearshore Shoal Nearshore Shoai Nearshore

Dissolved Oxygen (mg/i) 14.3 14.45 13.7 14.3 14.5 14.5

Turbidity (n+u) 1.3 1.2 1.0 1.1 , 2.7 3.0

Total Suspended Solids 1.05 1.2 1.1 0.5 2.5 1.2
(mg/z)

pH 8.09 8.11 8.29 8.06 7.91 8.05

Total Alkalinity 91.0 91.0 90.2 90.6 80.6 86.8
(mg/Z as CaCO 3 )

Total Hardness 132.9 130.6 132 132.7 115.3 124
(mg/ as CaCO 3)

Calcium (mg/Z as Ca) 40.6 40.6 40.3 40.3 35.2 38

Chloride (mg/Z) 33.0 31.4 31.7 33.3 30.9 31.5

Total Phosphorus 16.4 14.6 14.0 20.1 18.8 18.1
(WgP/.)

Total Soluble Phosphorus 7.3 8.75 - 9.4 9.3 7.7
(IgP/z)

Soluble Reactive Phosphorus 6.3 5.8 4.8 5.7 8.6 7.65
(WgP/k)

Total KJeldahl Nitrogen - - - 75 - -

(pgN/1)

Nitrate*Nicrite-Nitrogen 370 435 310 432 409 448
(pgN/t)
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shoreline site and at Brandy Brook than the respective channel sites, the
difference is not significant. This result suggests that there is very little
direct land influence on the nearshore stations during ice cover.

Bay and Wetland Sites

There were significant water quality differences between the bay and
wetland sites and the actual river sites presented above (Table 6 ). Since
the wetland sites were the shallowest and most influenced by land, these
stations exhibited the largest differences. The bay sites, being located
between wetland and river sites, generally had an intermediate mean value for
the various parameters.

The poorer water quality of the wetland sites is evidenced by slightly
lower dissolved oxygen, increased turbidity and suspended solids, and elevated
total P and N concentrations. In fact the wetland N/P molar ratios of at
mast 30/1 suggest their stronger dependence on the local terrestrial systems.

One other observation about the wetland sites, which also occurred to a
lesser degree in the bay areas, was a consistent temporal variation in major
ion concentrations during the period of study. An example of this pattern is
shown for total hardness in Figure 4 . Alkalinity, calcium and chloride
follow very similar patterns. A possible explanation for the low March concen-
trations is a dilution effect due to ice deterioration that occurred during
the unseasonably warm period beginning near the end of February. The ice melt
period had virtually ended by the beginning of April, and the higher concen-
trations in samples taken on April 23 (completely ice-free) reflect a return
of these systems to a terrestrial dominated state. The correlation between
ice melt and water quality levels would confound demonstration monitoring
considerably in bay and wetland areas.

The possibility that the above phenomena might be due to a non-
conservative reaction (such as CaCO 3 precipitation) seems to be ruled out by
the fact that chloride follows a very similar attern to calcium during the
melt period (Figure 5 ). Furthermore, the [Ca - ] [C03 ] ion product at this
time does not exceed the solubility product.

There does appear to be an incongruous occurrence in the middle of
February in the calcium and chloride concentrations for the Morristown wetland
samples (Figure 5 ). Between 2/13 and 2/23 the Cl concentration increases
rather sharply, while little change takes place for calcium. There are two
possible explanations for the shift in Ca/Cl ratio during this period, both
of which are consistent with the available data. First, it is possible that a
considerable exchange of water with the main river occurred during this period.
It is more likely that road salt runoff contributed to the unusually high
chloride levels at the end of February. In either case, however, these
perturbations would strongly influence a demonstration monitoring program.

15



TABLE 6

Mean Values of Water Quality Parameters in

St. Lawrence River Bay and Wetland Sites,
Winter 1979

Parameter Blind Bay Morristown Brandy Brook
Bay Wetland Bay Wetland Bay Wetland

Dissolved Oxygen (mg/Z) 14.4 13.6 13.9 11.4 13.4 12.7

Turbidity (n+u) 4.6 11.2 1.2 2.2 2.6 2.9

Total Suspended Solids 2.4 48.2 1.0 4.3 1.7 1.7
(mg/Z)

pH 8.00 6.90 8.06 7.61 7.91 7.62

Total Alkalinity 88.9 130.9 90.7 113.5 82.8 85.9
(mg/i as CaCO 3)

Total Hardness 129 154.2 132.4 146.3 121.8 116.9
(mg/i as CaCO 3)

Calcium (ing/Z as Ca) 39.5 47.6 40.15 43.3 36.1 34.7

Chloride (mg/a) 30.8 16.5 33.0 26.7 27.2 21.5

Total Phosphorus 19.65 128.8 17.7 70.0 41.8 82.6

Total Soluble Phosphorus 11.5 41.8 9.15 32.2 28.9 62.9

Soluble Reactive Phosphorus 6.6 16.0 6.1 25.6 21.6 33.3
(i gPlZ)

Total Kjeldahl Nitrogen - 1630 - 495. 340
(pgN/)

Nitrate+Nitrite-Nitrogen 382 213 455 445 313 282
(wgN/ )
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Figure 4. Temporal Variation in Total Hardness
at Wetland Sites at Major Locations
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Figure 5. Calcium and Chloride Concentrations
in Morristown Wetland Sites
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SEDLMENTS

Repeated sampling of sediments from similar habitats of each location
was performed only at wetland and nearshore sites. Other habitats were
sampled when possible. However, transportation or substrate suitability
prevented acquisition of sediments from a complete range of habitat types
Consequently, the data presented in this chapter and discussed in the next
represent summaries extracted from the more complete set of data presented in
Appendix B.

Characteristics of Sediments

Shown in Table 7 is a summary of sediment quality data for wetland and
nearshore sites at each of the major locations averaged over the two sampling
dates.

Particle Size Distribution. Sand and larger sized particles formed the
major size class in the samples from all sites and locations. Silt and clay
were important only in samples taken in the Brandy Brook area where the
smaller sized particles tended to occur in greater amounts at nearshore sites.
Organic detritus in the form of twigs, aquatic plant fragments, and other
material was common in samples from all sites, though the amounts of organic
detritus appeared greater in wetland samples compared to other sites.

Moisture Content. Moisture was greater in sediment samples taken from
wetland sites compared to nearshore sites. The average moisture content of
wetland sediments was 76.6% of fresh sample weight while nearshore samples
averaged 38.8%. The moisture content of Blind Bay wetlands (88.0%) was
similar to that of the wetland sites at Morristown (83.8%). However, Brandy
Brook samples from nearshore sites were closer in moisture content (30.5%) to
samples from similar sites at Morristown (33.8%) than were nearshore samples
from Blind Bay (52.2%). Differences in moisture content between samples
taken in February and April were shown to be not significant (a > 0.05) by a
two-tailed t-test.

Organic Matter. The organic content of the sediments was quite
distinctive between habitat types at all locations. Wetland sites had the
highest levels of organic matter (27.1%), bay sites were next highest (see
Appendix B) and nearshore sites were lowest (2.7%) among sites sampled.
Organic content and moisture were directly related (a < 0.01) as suggested by
a comparison of values of the two parameters given in Table . A two-tailed
comparison of February and April samples showed no significant difference
(a > 0.05) in amounts of organic matter in sediments taken from similar
habitats.

Phosphorus. Total and extractable phosphorus in sediment samples was
higher generally at wetland sites than other locations. Average levels of
total phosphorus ranged from a low of 0.35 mgP/S dry wt at nearshore areas
near Morristown to a high of 0.95 mgP/g dry wt in the Morristown wetland
sites. Mean extractable phosphorus levels ranged from 0.06 mgP/g dry weight
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TABLE 7

Mean Values of Sediment Characteristics
at Near Shore and Wetland Sites;

St. Lawrence River, 1979

Parameter Blind Bay Morristown Brandy Brook
Wetland Near Shore Wetland Near Shore Wetland Near Shore

Number of

Samples

Sand a ,• 96.1 91.0 89.4 94.6 77.6 52.2

,ilta,e 3.9 7.4 10.6 5.4 20.7 41.2

Claya~e 0.0 1.6 0.0 0.0 1.6 6.6

Moistureb  88.0 52.2 83.8 33.8 57.9 30.5

Organic Matterb 40.4 5.5 26.6 1.6 14.1 1.1

Total Phosphorusc  0.66 0.61 0.95 0.35 0.87 0.52

Extractable
Phosphorusc 0.30 0.19 0.44 0.06 0.44 0.14

Total Ironc 32.3 23.2 36.4 9.4 28.9 25.7

Total Zinc d  0.22 <0.I 0.21 <0.1 0.14 0.11

Total Copperc 'd 0.09 0.02 0.08 0.02 0.04 -

Total Chromium 'd  0.06 0.06 0.18 0.08 0.07 0.12

a% Dry weight (103°C)
b% Wet weight

Cmg/g Dry weight (1030 C)

dMeasured on 2/28 samples only

eMeasured on a composite of samples collected on both sampling dates
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at nearshore Morristown sites to 0.44 mgP/g dry weight, found in wetland
samples at both Morri Lown and Brandy Brook.

The ratio of extractable to total phosphorus was reasonably constant
within habitat types and was consistently higher at wetland sites compared to
nearshore sites. The range in values for the ratio was 0.45 to 0.51 with a
mean of 0.47 for wetland sites, while the range was 0.17 to 0.31 with a mean
of 0.25 at nearshore sites. Differences in the averages levels of total and
extractable phosphorus between February and April samples taken at paired
sites was not significant (a > 0.05).

Metals., As was true for several other sediment parameters, the levels
of iron, zinc, and copper were elevated at wetland sites compared to other
habitats studied. Average iron ranged from a high of 36.4 mgFe/g dry weight
in the Morristown wetland to a low of 9.4 mgFe/g dry weight at nearshore
sites at Morristown. Equally high levels of zinc (0.2 mgZn/g dry wt) were
found on the average in wetland samples from Blind Bay and Morristown, while
zinc was not detectable in sediments from nearshore sites at the same two
locations. Significant levels of zinc were found in all sediment samples from
the Brandy Brook location. Copper was similar to zinc in distribution among
sites. The results of the analyses for chromium are summarized in Table 7
However, difficulties encountered in the function of the atomic absorbance
lamp during the analysis have rendered the results to be of uncertain accuracy.

21



1.111. DISCUSSION OF WATER AND SEDIMENT QUALITY

WATER QUALITY

Comparison with Previous Data

Very little winter water quality data exist for the St. Lawrence River.
Mills, et al. (1978) have reported winter (Jan.-March, 1978) water chemistry
data for offshore and nearshore sites between Cape Vincent and Lake St.
Lawrence. Their data for mutually tested parameters were remarkably similar
to the channel and nearshore results of the present study. The only major
discrepancy appeared to be in the alkalinity results - about 90 mg/L as
CaCO3 for this study (Tables 4 and 5 ) versus a reported 55-60 mg/Z as
CaCO 3 by Mills, et al. (1978). An electroneutrality balance of the data
strongly suggests that the higher value is more appropriate.

Combining the data from the two studies,a summary of deep channel winter
water chemistry can be obtained and is presented in Table 8 . Comparison of
the St. Lawrence channel data with available data for Lake Ontario confirms
the dominance of open river water quality by Lake Ontario quality (Table 8 ).

Obviously the bay and wetland stations are less influenced by the Lake
Ontario outflow and more determined by local land use activities. In
addition to observing generally lower water quality in the wetland/bay areas,
the temporal profile of most of the parameters was more variable and much
less predictable from St. Lawrence River data upstream. The Blind Bay
wetland suspended solids and related total phosphorus and Kjeldahl nitrogen
are examples of this point. These findings in addition to those discussed
below suggest that the control site concept for wetland/bay areas is of
doubtful utility.

Control Sites Comparison

Tables 5,6, 7 and the raw data in Appendix A can be used as an
indication of the potential for using control sites for detecting short-term
changes in winter water quality due to navigation activities. Comparison of
the mean parameter values as well as same date samples for the channel sites
at the three locations suggests that the control site concept might work for
the open river area as long as changes are not too subtle. However, the
small number of channel sample pairs which were obtained during this
investigation severely limits the accuracy of channel site predictions beyond
the present work.

More location to location variability is encountered in the nearshore
areas, and it is obvious that the wetland/bay locations are unique and very
dissimilar systems. For example, with respect to nearshore sites the Brandy
Brook location appears to be more dilute than the other two nearshore
locations with respect to total hardness and alkalinity yet slightly more
concentrated in plant nutrients and suspended solids. Mills, et al. (1978)
also found slightly higher total phosphorus values at downriver sites (Galop
Island and Lake St. Lawrence) and attributed the increase to resuspension by
higher currents as well as point sources of nutrients in the Ogdensburg area.

Wetland and bay areas are so unique in terms of hydrology and land-water
interactions that control site comparisons are virtually impossible. As seen

22



TABLE 8

Comparison of St. Lawrence River Channel Sites
(Winter, 1978 and 1979) with Lake Ontario

Water Quality Data

Parameter St. Lawrence River Lake Ontario

Dissolved Oxygen (mg/) 14 .5
a  11.6-13.6 c

Turbidity (n+u) 1.0-2.7 a

Total Suspended Solids 1.0-7.2 a b

(mg/)

Total Dissolved Solids 200-24 0b 17 5-200c

(mg/t)

Specific Conductance 300-33 0b 312-320 c

(Pmhos/cm @ 25°C)
pH 7.4-8.2 a b  8.0-9.0 c

Total Alkalinity 87-94 a  95-100 c

(mg/I as CaCO 3)

Total Hardness 128-134
(mg/Z as CaCO3)

Calcium (mg/i as Ca + ) 3 8 - 4 2 ab 43-46

Magnesium (mg/t as Mg++  7.8-8.4 b  8.9-9.4 c

Potassium (mg/i as K+ ) 1.25-1 .4
b  1.4-2.1 c

Sodium (mg/I as Na + ) 1 0.4-1 1 . 0b 1.5 c

Chloride (mg/I as'Cl-) 30-35 a  24.7c

Sulfate (mg/Z as SO:) 2 4 .3- 27 . 6b 2 9 . 5-31. 3c

Total Phosphorus 10-25a 16-20C  20-35d

(ugh as P)

'Total Soluble P 5-10a  13-16d

(ug/L as P)

Total Kjeldahl Nitrogen 150- 3 6 0a 250-350c

(ug/l as N)

Nitrate-+Nitrite-Nitrogen 0.2-2.0b  .85-1.6c

(ug/I as N)

athis study

bMills, et al. (1978)

CCasey, et al. (1965); weighted ave. of deep water stations

dGreat Lakes Water Quality Bd. (1973)
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in Table 6 even seasonal averages of important water quality parameters vary
considerably from one wetland/bay system to the next. For example, the
Brandy Brook system is associated with a larger tributary stream than the
other two. As a result this system appears to be more dilute with respect
to major ions, and because of its morphometry is less influenced by water
exchange from the main river.

SEDIMENTS

Comparison With Previous Data

As was true for the water quality data reported above, very limited data
were available from published literature on the sediment characteristics of
the St. Lawrence River. The principal source available was the results of an
investigation conducted the previous winter which focused on heavy metal and
organic contaminants (Scrudato, 1978).

Particle Size Distribution. The range in particle size distribution
among the samples taken in this study was somewhat lower than that observed by
Scrudato (1978). In this study the predominant sediment type was sandy silt.
Clay formed a significant component only in samples taken from two nearshore
and one wetland site. However, Scrudato (1978) found significant levels of
clay in sediments from sites which would correspond to bay, nearshore, channel,
and shoal habitats within the definitions used in the present study. While
differences in sampling locations and sampling and analytical methods may be
responsible for dissimilar results for similar habitats between the two
investigations, it is clear that more work is required to characterize the
sediments with respect to particle size along the river. Specifically, it is
important to locate major areas of deposition of fine-grained sediments since
such materials are more adsorbent of nutrients and other pollutants and more
prone to resuspension and transport during hydrodynamic disturbances, than
coarse matter.

Organic Matter, Phosphorus, and Iron. With the exception of wetland
samples, the levels of organic matter in river sediments from the present
investigation were within the range reported earlier (Scrudato, 1978). How-
ever, the organic content of wetland samples, particularly from Blind Bay and
Morristown, was much higher than for other habitat types.

The levels of phosphorus and iron in river sediments represent new
information concerning the sediments of the St. Lawrence system. Iron and
phosphorus levels are discussed with the organic content because the levels of
each parameter appear to be interrelated in the sediments of other aquatic
systems, particularly lakes (Williams et al., 1971a). Shown in Table 9 is
an abbreviated matrix of correlation coefficients between each pair of para-
meters for sediment samples taken from all sites during the investigation.

The correlations in Table 9 show organic matter to be related to the
amount of phosphorus, both total and extractable, in the sediments taken
diring this investigation. Further, total and extractable phosphorus were
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TABLE 9

Triangular Matrix of Correlation Coefficients for
Organic Matter, Total and Extractable Phosphorus,
and Total Iron in St. Lawrence River Sediments;

All Samples; Winter, 1979*

Organic Matter Total P Extractable P Total Fe

Organic Matter 1.0 0.539 0.589 0.185

Total P 1.0 0.710 0.188

Extractable P 1.0 0.247

Total Fe 1.0

N - 24, rcrit --0.404 for a < 0.05
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strongly correlated, while total iron showed no correlation of significance

with the ocher parameters.

According to procedures described elsewhere (Williams et al., 1971b,

1971c), the extractable phosphorus fraction contains loosely-bound or

dissolved phosphorus plus the potentially mobile phosphorus adsorbed to

amorphous iron oxides and hydroxides. Since extractable. phosphorus and total

iron were not correlated, it appears likely that most of the extractable

fraction was in a highly mobile form, either soluble or very loosely adsorbed.

Extractable phosphorus was correlated with the organic content of the

sediments, which also correlated with the moisture content (see Chapter l.III.).

Thus, the extractable phosphorus fraction was probably in a soluble state.

Elevated levels of soluble phosphorus were found at wetland sites, where

organic sediments predominated, which substantiates this interpretation of the

extractable phosphorus data. Future analyses for the iron content of the NaOH

extractant could cast additional light on the form of the extractable
phosphorus.

Total phosphorus in river sediments was related to the amount of organic
matter, but part of the relationship shown in Table 9 was due to the strong

correlation between total and extractable phosphorus, and between extractable

phosphorus and organic matter. Thus, while truly organic phosphorus was *a

likely component of the sediments, particularly in samples with elevated

levels of organic matter, organic phosphorus does not appear to be a major

component of the total sediment phosphorus. Total phosphorus was not related

to total iron, which indicates that crystalline iron phosphate compounds, such

as strengite (FePO4) or vivianite (Fe3 (PO4)2), were unimportant as major
sediment components.

It cannot be determined from the data Whether calcium-bound phosphates,
such as hydroxylapatite (Ca5OH(P0 4)), were present. However, in a reasonably
hard water system such as the St. Lawrence River, hydroxylapa-tite may be a
stable solid phase phosphorus compound in sediments, Williams and Mayer (1972)
found hydroxylapatite in nearshore sediments of Lakes Erie and Ontario, which
were attributed to terrestrial sources. Thus, bearing in mind the harder
waters found in the tributaries at two of the three major locations studied,

hydroxylapatite may be a significant component of the total phosphorus in St.
Lawrence River sediments, as a result of terrestrial input during runoff, or
possibly diagenic formation in hard water wetland areas.

Several investigators have shown a significant relationship between
biologically-available phosphorus and the extractable (0.1 N NaOH) phosphorus
fraction of lake sediments (Wildung et al., 1977) and suspended matter in
urban runoff and Lake Ontario tributaries (Cowan and Lee, 1976). Thus,
concern for the effects of winter navigation on the river environment should
include consideration of the potential increase in biologically-available
phosphorus which would follow resuspension and translocation of sediments
from areas rich in extractable phosphorus. The results of this investigatioh,
though limited in scope, suggest that wetlands (Table 7 ) and bays (Appendix
B ), and nearshore areas in some instances, are the general locations of

concern with respect to such potential sources of phosphorus. Given the
apparent phosphorus-limited conditions under which primary producers occur in
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the river (see Chapter 1.I1. ), increased phosphorus availability has the
potuential to permit increased stauding crops of algae, particularly in
downstream areas with relatively high hydraulic retention times, as at locks
and power pools. The degree to which resuspended sediments would constitute
a significant load of biologically-available phosphorus to the St. Lawrence
River cannot be assessed with present data.

Heavy Metals. Zinc was present in sediment samples at levels which fell
within the range of values reported by Scrudato (1978), while copper was
found to be generally higher than previously reported. Zinc in the sediments,
taken from wetland sites at Blind Bay and Morristown was at levels which are
characteristic of heavily polluted harbors, according to EPA guidelines
(EPA, 1977). While the Morristown location appears to be significantly
affected by cultural activities, which include water-based recreation, the
Blind Bay area is undeveloped, with the exception of a small marina. Thus,
the elevated zinc levels in the Blind Bay wetland are difficult to interpret
with regard to source. However, cultural sources are suspected in the case of
zinc in the sediments taken near Morristown. At Brandy Brook zinc was present
in all sediment samples at levels classified as moderately polluted by EPA
Guidelines, with the exception of a shoal sample (Appendix B ) which would
be classified as non-polluted.

Copper was found at levels characteristic of heavily polluted harbors in
the wetlands of Morristown and Blind Bay. At Brandy Brook. copper was at
moderate levels with the exception of a nearshore sample (#17) which likely
was contaminated during analysis.

As was true for phosphorus, the concern for heavy metals in the sediments
of the St. Lawrence River focuses on the potential for resuspension and down-
stream transport of metals due to activities associated with winter
navigation. Both zinc and copper are toxic at low concentrations to aquatic
biota. Consequently, movement of sediments containing the metals and
deposition downstream, or merely desorption after resuspension, have the
potential for creating toxic conditions for susceptible components of the
aquatic community. The toxic action might be a direct, lethal effect, which
would reduce species diversity and permit only tolerant organisms to survive.
Or, the effect could be sublethal and result in biological magnification
through the aquatic food web. Furthermorej the concern for heavy metal
transport by sediment perturbation extends to public health and the potential
for introduction of toxic metals into public supplies of drinking water.
However, zinc and copper are essential elements and, at the levels observed in
sediment samples, do not suggest public health problems for consumers of
river water after adequate treatment.

Control Sites Comparison

As noted earlier (Chapter l.II. ), none of the sediment characteristics
which were measured on repeated samplings at the same sites showed significant
change from one period tc the next. That is, the error variance for parameters
measured on replicated samples taken during one period was greater than the
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variance which could be attributed to changes in parameters over the time
interval which separated the samples. Thus, no significant trends were
observed in sediment characteristics at any of the major locations, and no
predictable changes could be delineated. The salient characteristics of the
sediments at each location are presented in the discussion preceeding and
Chapter i.II.
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1. IV. ANALYSIS OF PAIRED SITE RELATIONSHIPS

GENERAL APPROACH

A major objective of this investigation was to determine the degree to
which changes in water quality at one location on the St. Lawrence River were
related to and might be predicted from changes in water quality at a second
location. In particular the investigation sought to determine the extent to
which water quality in the proposed "Demonstration Corridor" could be
predicted from measurements of water quality taken outside of the Corridor.
Stated differently, the study sought to determine the extent to which sites
outside the Corridor could serve as "experimental controls," to be monitored
coincidently with sites in the Corridor during vessel transits under demon-
stration conditions as a check on the effects of winter navigation on water
quality in the St. Lawrence River.

The approach which was taken toward assessing the degree of relationship
which existed between water quality parameters measured in the Corridor
(Morristown sites) and those at locations outside the Corridor (Blind Bay or
Brandy Brook sites) consisted of four steps. The first step amounted to
elimination of the water quality parameters which did not show significant
amounts of coincident variation at sites in and out of the Demonstration
Corridor. The elimination step thus provided a subset of the original
variables, each member of which showed a significant degree of correlated
variation in samples taken from sites at Morristown and either Blind Bay or
Brandy Brook. In the second step, the subset of corrleated parameters was
analyzed by the statistical procedure known as canonical correlation analysis
(CANONA). CANONA is a multivariate extension of bivariate product-moment
correlation analysis, a procedure which has been used connonly to study the
existence of relationships between two variables. Rather than searching for
relationships between single pairs of variables as in bivariate correlation,
CANONA examines two groups of paired variables for relationships or patterns
of variation. Accordingly, the'subset of water quality parameters which showed
coincident variation at sites in and out of the Corridor were used as the input
variables to CANONA. Two important pieces of information obtained from CANONA
are (1) the coefficient of canonical correlation, Rc; and, (2) the canonical
variates. The coefficient, Rc, is similar conceptually to the more familiar
pioduct-moment coefficient of correlation, r. However, Rc amounts mathemati-
cally to the correlation between two composite variables whose membership
corresponds to the grouped parameter subset. The canonical variates consist
of weighting factors or coefficients which maximize the correlation between the
composite variables and interpret the pattern of variation in a manner which
best reproduces the original matrix of correlations between water quality
parameters. Several sets of canonical variates may be required to reproduce
all the intercorrelations in a specific data set. Further details concerning
CANONA can be found in Harris (1975).

The third step in the approach taken to assess relationships between
spacially separated measurements of water quality amounted to interpretation
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of the canonical variates in realistic terms. This step, while highly
desirable, is not always possible since interdependent relationships (such as,
dissolved oxygen and total phosphorus, dissolved oxygen and temperature)
cannot be separated cleanly into the orthogonal, or uncorrelated, canonical
variates as occurs during the analysis. Nonetheless, examination of the
relationships identified by the variates can be valuable and may suggest which
parameters are sufficiently linked between locations as to provide the
potential to predict changes in water quality.

The last step in assessing water quality relationships between locations
amounted to a factor analysis of the subset of parameters which showed a
significant degree of correlation at sampling sites in and out of the Corridor.
Basically, the analysis reduces the total number of parameters and their
variances to a smaller number of "factors" which accounts for the observed
correlations between parameters in a set of observations. After the major
factors have been identified, comparisons are made between the factors which
are responsible for variation in water quality parameters at sites in and out
of the Corridor, in an attempt to find similar factors. Since the effects of
time were not considered in developing the zero-order correlations between
parametecs, it was presumed that time related phenomena would play a major role
in interpretation of the results of the factor analysis.

APPLICATION OF PROCEDURES

Selection of Site Pairs

For the analysis of paired site relationships, several potential pairing
criteria were examined. However, the final selection of sites and dates was
made on the basis of completeness of data as it was felt that the objectives of
the analysis could best be served by examining relationships between all
parameters measured. Thus, all sites from Blind Bay and Brandy Brook were
paired with sites of similar habitat type at Morristown for coincident sampling
dates for samples which were not missing data. The pairings are given in
Table 10.

Correlation Between Parameters

Product-moment correlation coefficients (r) between all water quality
variables measured at the site pairings indicated in Table 10 were calculated
and tested for significance (Rohlf and Sokal, 1969). The extensive number of
correlation coefficients so generated were reduced to form a manageable matrix
by elimination from further consideration those water quality parameters which,
individually, showed doubtful correlation (a > 0.05) between sites in and out
of the Corridor. The parameters which showed significant correlation (a < 0.05)
were included in the reduced matrix. The list of correlated variables consisted
of temperature (TEMP), dissolved oxygen (DO), pH, total soluble phosphorus (TSP)
soluble reactive phosphorus (SRP), nitrate-nitrogen (NO3), calcium (CA), and
total hardness (TH). A correlation matrix for this list of water quality
variables based on sample pairings as indicated above is shown in Table 11
Water quality parameters which did not show significant correlation for the site
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Table 10

Sample Pairs Analyzed by Multivariate Methods,
Given by Date, Locatiun, and Site; St. Lawrence

River, 1979

Sampling Location Outside Corridor Location Inside Corridor
Date Location Sites Location Sites

22879 Blind Bay 1,2 Morristown 11,12

33079 Blind Bay 1,2 Morristown 11,12

22879 Blind Bay 3,4,5 Morristown 16,17,18

31379 Blind Bay 3,4,5 Morristown 16,17,18

22879 Blind Bay 6,7 Morristown 13,14

31379 Blind Bay 6,7 Morristown 13,14

33079 Blind Bay 6,7 Morristown 13,14

42379 Blind Bay 6,7 Morristown 13,14

22879 Blind Bay 8 Morristown 15

33079 Blind Bay 8 Morristown 15

33079 Blind Bay 8 Morristown 27

42379 Blind Bay 8 Morrfstown 27

33079 Blind Bay 9 Morristown 28

42379 Blind Bay 9 Morristown 28

33079 Blind Bay 10 Morristown 28

42379 Blind Bay 10 Morristown 28

22379 Brandy Brook 19,20,21 Morristown 16,17,18

30979 Brandy Brook 19,20,21 Morristown 16,17,18

22379 Brandy Brook 22,23 Morristown 11,12

30979 Brandy Brook 22,23 Morristown 11,12

33079 Brandy Brook 22,23 Morristown 11,12

33079 Brandy Brook 24 Morristown 27

33079 Brandy Brook 24 Morristown 15

22379 Brandy Brook 26 Morristown 13,14

30979 Brandy Brook 26 Morristown 13,14

33079 Brandy Brook 26 Morristown 13,14
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Table 11

Matrix of Zero Order Correlation Coefficients Between Water Quality
Parameters Measured in and out of Demonstration Corridor

(N - 26, rcrit, 0.05 0 0.388)

Sites
In Corridor Sites Outside Corridor

(Morristown) (Blind Bay and Brandy Brook)-

TEMP DO pH TSP SRP NO3  CA TH

TEMP 0.967 0.194 0.515 -0.122 -0.260 -0.366 0.073 0.025

DO 0.050 0.478 0.460 -0.316 -0.400 -0.100 0.049 -0.018

pH 0.684 0.642 0.875 -0.390 -0.408 -0.290 0.260 0.192

TSP -0.252 -0.636 -0.824 0.682 0.496 -0.090 -0.554 -0.503

SRP -0.279 -0.603 -0.763 0.598 0.417 -0.064 -0.372 -0.322

NO3  -0.553 -0.335 -0.604 0.513 0.655 0.612 -0.102 -0.632

CA -0.081 0.151 0.273 -0.588 -0.391 0.106 0.558 0.538

TH -0.163 0.028 0.111 -0.528 -0.320 0.142 0.445 0.435
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pairs included turbidity (r - 0.005), suspended solids (r = 0.320), alkalinity
(r - 0.305), total phusphorus (r - 0.311), total KJeldahl nitrogen
(insufficient data), and chloride (r - 0.344).

In examining the correlations presented in Table 11 it should be recognized
that significance, in a statistical sense, does not imply the existence of
cause-effect relationships with significance in an environmental sense. This is
especially true for the present study where experimental control over the
monitored variables was not mainvained. Thus, the coefficients in Table 11
indicate only the degree to wnich water quality parameters measured in the
Corridor varied in a consistent, coincident pattern with similar parameters
measured at'locations outside of the Corridor. Bearing this in mind, the simple
correlation coefficients in Table 11 suggest that while measured values of a
specific parameter at sites in the Corridor may correlate with the same
parameter at sites outside the Corridor, other parameters measured outside the
Corridor may correlate with rhe original parameter to a greater degree than the
original parameter itself. For example, soluble reactive phosphorus (SRP)
measured at Morristown showed a low but significant correlation (r - 0.417)
with SRP measured at the other locations. However, SRP at lorristown sites
showed higher correlations with TSP (r - 0.598), DO (r - -0.603), and pH (r =
-0.763) as measured on water samples from sites at the other locations. In
fact, an examination of Table shows that five of the eight parameters
included for detailed analysis were more highly correlated with dissimilar than
similar parameters for the site pairs of interest.

With regard to the objectives of this investigation as they concern the
potential for predicting water quality at a location within the Corridor from
external measurements, the foregoing results indicate strongly that simple
bivariate relationships oversimplify the complexity of interactions that affect
water quality in the St. Lawrence River and the multiplicity of habitats
therein. The oversimplification is apparent from the extent of intercorrela-
tion between parameters as found in Table 11. As a result of intercorr&lation,
simple bivariate regression models are doomed to inefficiency as predictors of
water quality parameters, since they cannot account for the indirect effects
of uncontrolled variation in correlated parameters. A multivariate solution to
the problem of making predictions is the only realistic approach. The
techniques which were employed to investigate the multivariate relationships
inherent in the set of water quality parameters included CANONA and factor
analysis.

Canonical Correlation Analysis

The objectives of CANONA can be compared to those of a more familiar
technique, multiple regression. During a multiple regression analysis the
objective is to predict one dependent variable from several independent
variables by determining the appropriate weighting factors, or regression
coefficients, for the prediction equation. Thus, In multiple regression the
dependent variable is predicted by a composite of independent variables. In
CANONA the objective can be viewed as prediction of several dependent variables
from several independent variables by determining the appropriate weighting
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factors. In either case the criterion for selection of the weighting factors
is the same, maximum correlation between the composite independent and
dependent variables. In CANONA, however, the distinction between dependent
and independent variables becomes probleuLatic.

The results of CANONA as applied to the paired sites data are summarized
in Table 12 , which lists the coefficients of canonical correlation (Rc) and
the coefficients for four canonical variables each of which describe
relationships with high levels of statistical significance (a < 0.001). The
first pair of variates indicates that warm periods with low total soluble
phosphorus and high calcium at Morristown sites occurred at the same time as
periods of low dissolved oxygen and total soluble phosphorus, but high pH and
qoluble reactive phosphorus at Blind Bay and Brandy Brook sites. The second
pair of variates suggests that cold periods at Morristown under conditions of
low total soluble phosphorus, but high levels of nitrate and total hardness,
generally occurred at the same time as periods of cold temperatures when total
soluble phosphrous and calcium were low, but dissolved oxygen, soluble reactive
phosphorus, and total hardness were high at the other locations. The third
pair of canonical variates indicates that at Morristown periods of high pH,
soluble reactive phosphorus, nitrate, and calcium, and low total soluble
phosphorus and total hardness occurred at the same time as periods at Brandy
Brook and Blind Bay when total hardness and total soluble phosphorus were at
elevated levels and calcium was relatively low. The fourth pair of variates
suggests that cold periods at Morristown, when characterized by elevated levels
of pH, dissolved oxygen, soluble reactive phosphorus, and calcium, were
coincident with cold periods at the other locations when dissolved oxygen and
total soluble phosphorus were high and pH, soluble reactive phosphorus, and
nitrate were low. Such a large cluster of relationships requires some
clarification to be meaningful.

Interpretation of Paired Site Relationships

In .examining the relationships betwwen the paired sites as described by
the canonical variables it should be recognized ;hat the distinction between
high and low levels of a parameter is based on the magnitude of the parameter
compared to its average value for all sites at a location. Nonetheless, it
becomes obvious from a close examination of the paired variates that doubtful
environmental significance can be attached to the relationships predicted
between parameters at the paired sites. This is true even though very distinct
patterns of variation existed between parameters measured at Morristown and
the same parameters measured at sites outside the Corridor. For example,
calcium and total hardness were correlated positively among sites at each
location (a < 0.01) and between locations (a < 0.05). However, the canonical
coefficients for these parameters in all pairs of canonical variates showed
an inverse relationship rather than direct. Also, the relationship between
total soluble and soluble reactive phosphorus, as shown by the paired canonical
variates, was inverse, in contrast to the positive correlations (a < 0.05)
found both within and among locations for these parameters during this
investigation. Thus, it appears that environmentally significant factors, such
as, precipitation, dilution by runoff waters, gas exchange, organic
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Table 12

Su-Lary Statistics from CANONA Conducted
on Paired Sites (N - 26)

Coefficients For Canonical Variables From Parameters Measured Outside of Corridor

Parameters First Variate Second Variate Third Variate Fourth Variate

TEbT 0.25705 -0.34877 0.36193 -0.70431

DO -0.44480 0.36737 0.37646 1.31643

pH 1.01132 -0.26183 0.06718 -0.48145

TSP -0.73937 -1.31061 0.70151 0.90420

SRP 0.50492 0.92529 0.11063 -0.93957

NO3  -0.09970 0.21876 0.44062 -0.73626

CA 0.24596 -1.44495 -0.49094 0.09493

TH -0.28568 1.73739 0.86025 -0.03134

Coefficients For Canonical Variables From Parameters Measured In Corridor

Parameters First Variate Second Variate Third Variate Fourth Variate

TLMP 0.49624 -0.39751 -0.16507 -1.34732

DO 0.10916 0.18344 0.16651 0.53753

pH -0.03422 -0.21659 2.12238 2.33594

TSP -0.37629 -0.64162 -0.60296 0.13966

SRP -0.14376 -0.16292 1.61227 1.55491

.03 -0.14572 0.43744 1.76388 0.21313

CA 0.31986 -0.18958 1.68009 0.64734

TH -0.07615 0.48872 -1.74161 -0.29968

Canonical 0.997 0.981 0.955 0.936
Correlation
(a < 0.001,
all variates)
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decomposition, and growth are sufficiently unrelated in time and space between
the locations studied that their effects on water quality are confounded
beyond recognition by intercorrelations between the various parameters.
Consequently, the most accurate predictions of water quality, on the basis of
the paired site data collected during the present investigation, can be
calculated from empirical equations (the canonical variates) which are unsound
in ecological terms. The InvcStigators do not recommend such an approach. A
more useful and ecologically meaningful method for prediction of water quality
along the St. Lawrence River would focus on development and use of a
deterministic model of the system. A suitable model would incorporate
relevant hydraulic and other physical characteristics, as well as the important
water quality parameters in arriving at predictions for river reaches of
interest. I

As a final step in examining the relationships between water quality
parameters measured at Morristown sites and the sites at Blind Bay and Brandy
Brook, two separate factor analyses were conducted. One factor analytic
solution was obtained to describe the major factors which related water
quality parameters at Morristown sites, and another was performed to summarize
the factors of importance at Blind Bay and Brandy Brook sites. The parameters
which were included in the analysis were limited to those which showed
significant. (a <.0.05) simple correlation between measurements in and out of
the Corridor (Table 11). During the factor analysis, principal factors were
extracted with iteration to improve communality estimates, and a Varimax
rotation was employed to yield the final factor matrix. The factor analytic
solutions are presented in Table 13 for sites at Morristown and Table 14 for
sites at both Blind Bay and Brandy Brook.

Three factors were extracted which accounted for 90.8 percent of the
total variance among the parameters measured at Morristown. The most important
factor, the first factor, concerned pH, dissolved oxygen, and nutrients. At
Morristown, conditions of low dissolved oxygen and pH were associated with
elevated levels of both total soluble and soluble reactive phosphorus, and
nitrate. This factor partly describes the water quality found at the wetland
sites and suggests that aerobic decomposition of organic matter in the wetland
areas, with the release of CO2 (pH reduction) and soluble nutrients, may be
the dominant factor in determining baseline conditions of water quality in the
Morristown harbor area. It should be noted that total soluble phosphorus and
soluble reactive phosphorus are affected nearly equally by the first factor.
The second factor indicates that at Morristown sites, high levels of calcium
and total hardness were associated with low dissolved oxygen and total soluble
phosphorus. The soluble reactive phosphorus was not affected to the same
extent as the total soluble fraction, which suggests that reduced levels of
soluble organic phosphorus were characteristic of some sites. Again these
characteristics are descriptive of wetland water quality at Morristown,
particularly during the first month of sampling before thawing ice and snow
began to dilute the contents of the wetlands. The third factor involves
temperature, pH, nitrate and, to some extent, phosphorus and reflects changing
conditions characteristic of the transition from winter to spring conditions
on the river. At all Morristown sites as the ice cover was lost and the water
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Table 13

Factor Analytic Solution to Relationships
Among Water Quality Parameters at Sites

in Corridor (Varimax Rotation)

Quantity Factor Factor Factor
#1 #2 #3

% Problem 47.1 30.4 13.3
Variance

Parameter Factor Loadins

TEMP -0.05605 -0.05785 0.88657
DO -0.71434 -0.49223 0.04232
pH -0.65953 -0.02440 0.74706
TSP 0.81555 -0.42223 -0.26472
SRP 0.87498 -0.16868 -0.25431
NO3  0.4S694 0.05744 -0.61094
CA -0.14511 0.96754 -0.01913
TH -0.00522 0.98401 -0.09751

Table 14

Factor Analytic Solution to Relationships
Among Water Quality Parameters at Sites
out of Corridor (Varimax Rotation)

Quantity Factor Factor Factor Factor
• ,#1 #2 #3 #4

% Problem 41.5 19.8 16.9 15.4
Variance

Parameter Factor Loadings

TEMP 0.32032 -0.42436 0.07423 0.65382
DO 0.65385 -0.11511 0.70070 -0.17714
pH 0.87431 -0.17258 0.41628 0.16493
TSP -0.69971 0.36883 0.40664 0.37774
SRP -0.67068 0.47361 0.45199 0.19581
NO3  0.04515 0.20533 0.33422 -0.55470

CA 0.75752 0.61385 -0.17154 0.10797
TH 0.68080 0.68085 -0.21058 0.14848
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warmed, pH increased as a result of CO2 given off to the atmosphere and nitrate
declined, possibly as a result of increased river plankton production. The
moderate decline in soluble phosphorus fractions which occurred coincident with
the nitrate tends to support increased biological activity as the third
factor which influenced water quality at Morristown.

To describe the water quality characteristics at Blind Bay and Brandy
Brook, four factors were obtained which accounted for a total of 93.6 percent of
the total variance among parameters measured at the two locations. The first
and most important factor indicates that as the water began to warm,the water
quality at sites out of the Corridor were characterized as relatively high in
pH, dissolved oxygen, and the hardness cations, but low in phosphorus. These
conditions were characteristic of the water quality at channel, shoal, and to
some degree near shore and bay sites at the two locations. This suggests that
rather than the wetlands, the more open water sites tended to dominate
characteristics of water quality at the locations picked for study outside the
Corridor at least during the period of this investigation. This conclusion is
biased to some extent by the rather small amount of data available for analysis
from channel and shoal sites from Morristown. However, it indicates the
magnitude of inaccuracy inherent in attempting to select spacially distinct
sites in a riverine ecosystem and arbitrarily designate one or two as "control
sites" to form the basis for assessing the significance of changes in water
quality at a third.

The second and third factors affecting water quality at sites outside the
Corridor describe conditions in the wetlands of Blind Bay and Brandy Brook,
respectively. Both were characterized by elevated levels of nutrients under
ice cover, especially phosphorus at Blind Bay and nitrate at Brandy Brook.
However, the ice cn,... remained longer at Blind Bay and dissolved oxygen and
pH stayed at low values under the ice, while hardness cations increased. On
the other hand, at Brandy Brook, the ice cover in the wetlands decayed sooner
which permitted dissolved oxygen and pH to rise. Low values of calcium and
total hardness were characteristic of the Brandy Brook wetland and bay sites
alone.

The fourth factor Involving water quality at Blind Bay and Brandy Brook
was similar in part to the third factor which affected Morristown sites. That
is, with the transition to spring conditions, warming waters were associated
with declining nitrate concentrations. The relationship was quite general and
was observed to occur at ali iosatlons with thz exception of the Blind Bay
wetland sites.

SUMMARY

From the preceeding discussion of water quality at paired sites along the
St. Lawrence River it is apparent that some similarities do exist. However,
the degree of similarity is generally low and intercorrelations between
parameters confound the relationships.

As indicated by the matrix of simple correlation coefficients between
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individual parameters measured at paired sites (Table 11), only water
temperature at Morristown sites could be predicted accurately from measurements
of water temperature at the other locations by a simple bivariate regression
technique. The second most predictable variable was pH (r - 0.875). However,
predicted pH values for Morristown sites still left unaccounted more than 23
percent of the variance in pH actually observed at Morristown sites. Such as
level of residual variance amounts to a standard error of estimation (Sy/x) of
0.13 pH units which may provide adequate accuracy for wetland and bay habitats
where the range in pH is broad. However, for channel or shoal sites, 0.13 pH units
is simply too inaccurate.) The third most predictable parameter was total
soluble phosphorus (r = 0.682). However, predictions of total soluble
phosphorus at Morristown would fail to account for over 53 percent of the
variance in total soluble phosphorus found at Morristown sites. None of the
other correlated parameters provided sufficiently accurate predictions between
locations, when data from all sites formed the basis for predictions.

The multivariate procedure, CA"NONA, illustrated the potential for
quantifying relationships between parameters measured at spacially separated
locations, and the relationships so developed were strong enough to account for
over 99 percent of the variance in a set of paired site data. However, the
relationships so quantified were uninterpretable in terms acceptable to
recognized environmental theory. Thus, the use of canonical relationships for
predicting water quality was discouraged, since the factors underlying the
predictive relationships were unknown. A recommended approach was to model
water quality in such a fashion that ecologically sound predicticns were
possible.

A factor analysis of water quality within the Corridor was compared with
a similar analysis of water quality outside the Corridor. The results indicated
that the predominant factors which affected water quality, as measured on
samples collected at the compared locations, were different and distinct.
Thus, while the water quality at Morristown appeared to be influenced strongly
by the wetland and bay water chemistry, at the other locations water quality
was dependent more on open water characteristics. The difference in factors
occurred even though the locations were selected to provide apparently similar
types of habitat to study.
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CHAPTER l.V. CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The data collected and analyzed during the present investigation lead
to the conclusions set forth below concerning water and sediment quality in
the St. Lawrence River in the vicinity of the proposed Demonstration
Corridor.

1. Water quality in the main flow of the St. Lawrence River was similar
to that in Lake Ontario, as was determined from a comparison of a wide
variety of water quality parameters between the two bodies of water.

2. Water quality in peripheral areas along the river, particularly
wetlands and bays, was independent of water quality in the main flow during
periods of ice cover and spring thaw.

3. Water quality in the main flow of the St. Lawrence River showed
similarities in magnitude and direction of change for several parameters
during the investigation. However, it should be noted that absent from the
list of correlated parameters were those which were related to the amounts of
particulate matter in the water. Lacking these parameters, a paired site
approach will be strongly dependent on water quality parameters which will be
relatively unaffected by vessel transits during ice cover. Bearing this in
mind, the similarities suggest that main flow control sites established
outside a Demonstration Corridor could be paired successfully with sites
within the Corridor to predict water quality with sufficient accuracy to test
the effects of vessel transit on water quality. However, data collected
during the present study indicate that such an approach can be considered
valid only for main flow sites, especially channel sites.

4. Water quality at the major locations selected for study, considering
all habitat types together, showed relatively low correlation between
locations for all parameters with the exception of water temperature. Thus,
general and accurate predictions of water quality at sites within the
Demonstration Corridor are not possible from simple, direct relationships to
parameters measured outside the Corridor.

5. Multivariate relationships developed by CANONA showed a high degree
of correlation between locations for all habitat types considered together.
However, the relationships so identified were impossible to identify in
ecologically meaningful terms due to intercorrelations between parameters.

6. A multivariate factor analysis of water quality at each location
showed fundamental differences in the major factor affecting water quality at
sites sampled in and out of the Corridor. While open water characteristics
dominated water quality measurements taken outside the Corridor, within the
Corridor wetland and bay sites had a greater influence on measured parameters.
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7. Sediments from wetland and bay sites at Blind Bay, Morristown, and,
to a lesser extent, Brandy Brook, showed elevated levels of phosphorus, zinc,
and copper.

8. Sediment quality, as determined by several parameters, did not show
significant changes between sampling dates at any of the habitat sites. Thus,
prediction of sediment quality between locations, based on correlated changes,
was not possible.

RECOMMENDATIONS

Based on the data collected and analyzed during the present investigation
the recommendations set forth below are presented as a guide to the design of
future investigations directed toward assessment of the impact of a demonstra-
tion of winter navigation on water and sediment quality in the St. Lawrence
River.

1. A paired site approach to assessment of vessel transit impact on
water quality, wherein control sites are established outside of the
Demonstration Corridor, should focus primarily on main flow habitats: channel,
shoal, and nearshore sites. Other types of habitat are not suited to paired
site comparisons.

2. Only those water quality parameters which correlate between loca-
tions but are uncorrelated with each other should be employed for multivariate
paired site comparisons; for example, water temperature, dissolved oxygen or
pH, total soluble phosphorus or soluble reactive phosphorus, nitrate, and
calcium or total hardness.

3. Further studies of the relationship between levels of suspended
particulate matter from one location to another along the river should be
performed under non-demonstration conditions. Failure to include a
particulate-related parameter which correlates between locations will reduce
the effectiveness of a paired sites approach to monitoring demonstration
activities.

4. Future studies should be directed toward characterization of the
sediments of the Corridor with respect to particle size distribution, potential
for resuspension, desorption of nutrients and metals, and biological effects
of the latter materials.

5. A deterministic model of water quality, which includes hydraulic
as well as important water quality parameters, could provide a more accurate
control for assessment of demonstration activities than paired sites
comparisons. Development and calibration of such a model should be a focal
point for future investigations on the St. Lawrence River.

6. Investigations of time and spacially variant parameters of winter
water quality should be initiated no later than a month before the river begins
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to freeze over; approximately, mid-November. Water quality parameters are
not discontinuous fuLIctiuns of Llime, and studies designed to predict
magnitudes and explain variability of major parameters should not be constrained
by time factors which are not related to environmental conditions.
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PART 2

ANALYSIS OF CONTROL SITES: GLACIOLOGY



2.1. BACKGROUND

Last year's report, Ice Survey Studies Related to Demonstration Acti-
vities (Mlarshall, 1978), consisted of survey studies of ice as they might
relate to the FY 1979 Winter Navigation Demonstration activities on the St.
Lawrence River. This report surveyed the general ice characteristics of
the St. Lawrence River, namely the formation of winter ice cover; periods
in channel ice history; the extent of ice in average, mild, and severe
winters; ice thickness; and the durution of ice cover. The report also
dealt with geological ice characteristics: ice as a geological resource,
ice as a geological extension of shorelands, and ice as an ice rock
canopy; classification of winter ice environments; stages of ice formation;
and specific geological sow and ice features such as the St. Lawrence
ice bridge, snow ice spots and ridges, migrating snow dunes, and pools
along the navigation channel. Seven areas were studied more specifically:
Chippewa Bay, Blind Bay, Whaleback Island, Brockviiie Rock, the ice boom
site at Ogdensburg, Tibbit's Creek, and Brandy Brook. One can refer to
this original report for any of this more general survey information.

Last year's report also began an inventor, of winter and spring geo-
logical features of the St. Lawrence River ice cover envirorunents and
catalogued the natural changes in the ice of the demonstration area. It
al.o attempted to estimate some of the potential impacts of ships' traffic
in this area trom studies of the literature and the author's personal
experience in the St. Mary's River, Whitefish Bay, eastern Lake Superior,
ane along the Swedish and Finnish coasts. Basically, the ice survey
repor: of 1973 vi..ed the ice cover of the 20-mile Demonstration Corridor
as a long, narrow, ice rock formation that forms and erodes in various
sta5g in respo:isc Lo clilmaLlc ailu hydraulic conditions along the river
and where geologizal time in terms of ice rock is measured in terms of
30 to 100 days for channels and 100 to 155 days for bays.

One basic conclusion was that the ice cover in the Demonstration
Corridor is a naturally unstable medium due to short-term weather
fluctuations. Ice cover instability currently has impact on river and
critical shoreline environments. Logically one ma- further conclude that
the passage of shis tehrough the Demonstration Corridor will compound any
already existing instability.

The purposu of this sLudy and other on-going studies is to determine
more precisely the character of the natural instabilities. The ice sur-
vey report of 1978 defined four components of the St. Lawrence River ice
environment along the Demonstration Corridor: the channel, littoral
shelf, embayments, and wetlands. The author chose paired control sites
both inside and outside t'ie Demonstration Corridor and in this report will
set forth the glaciological framework for these sites, both generally and
specifically. This report will plot the patterns of change (instabili-
ties) which now exist, and because control sites outside of the Demonstra-
tion Corridor have been included, a controlled background has been
established, against which the possible impacts caused by ships' passage
cao e il,.rtLified.
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2.11. GLACIOLOGICAL OVERVIEW OF THE DEMONSTRATION CORRIDOR

In this study, it is useful to view the ice cover of the Demonstration
Corridor as a long, narrow, ice rock formation some 32 km (20 mi) in length.
This concept provides a scientific framework within which to examine the
changing structural and stratigraphic characteristics of ice down the
length of the corridor. SeeFigure 6.

Primarily on the basis of general structural features, this floating
formation can be divided into four distinct geological units which cover the
waters of four corresponding reaches. Some stages of ice formation and
erosion in the corridor occur nearly simultaneously in all four reaches,
while in other stages each reach develops distinctive glaciological charac-
teristics. These are determined In part by natural conditions and in part
by the placement of engineering structures. During ice formation and
erosion, various river environments become covered, uncovered, and subject
to ice scour on a schedule which reflects the interaction of regional
meteorology with bathymetric and hydraulic conditions that are the result
of a wide variety of natural and dredged conditions in channel and shoal
areas, time of placement and removal of ice booms, and river flow control.
Thus, to a large degree, the ice characteristics of the Demonstration
Corridor today are the product of a closely orchestrated series of engi-
neering decisions.

This study seeks to make a general evaluation of the relative glacio-
logical stability of various components of the St. Lawrence River environ-
merit wLthin the four reaches comprising the Demonstration Corridor by
utilizing the present data base of air photo indexes and aerial ice charts,
together with field data obtained on bay and wetland sites during the late
winter and early spring of 1979. In addition, it seeks to gain a general
understanding of the natural glaciological stages and processes occurring
in the Demonstrutlon Corridor.
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2.111. REACHES OF THE DDIONSTRATION CORRIDOR

In general discussions of winter navigation, the Demonstration
Corridor is viewed as a narrow expanse of ice through which ships will
travel. However, when the corridor is examined from an en-ineering and
glaciological standpoint, this expanse of river or corridor can be
variou.sly subdividvd, dCpU OdiLl oil Lie combLnac ion of parameturs used.
To date two approaches have been used. The first was presented in the
St. Lawreceu Seaway System Plan for All-Year Navigation (SPAN) (Arctec,
1975). The Seaway was divided into sixty subreaches from Montreal
Harbor to Tibbett's Point, Lake Ontario, based on the constancy of hydraulic
parameters (cross-sectional area, roughness, slope), navigational diff-
culty (breadth of navigable water), and glaciological behavior. They
were developed primarily to aid the mathematical modeling of ship transit
through the Seaway under winter conditions. Within this system plan, nine
subreaches (042 to 0#50) covered the Demonstration Corridor. They are seen
in Figure 7 in relation to the Demonstration Corridor and to the basic
glaciological reaches discussed in this study.

This study takes a second and slightly different approach and limits
the basic subdivisions of the corridor to only glaciological parameters.
This approach allows the present process of ice formation and erosion to
define the naturally occurring units. On this basis the Demonstration
Corridor is divided into the following four reaches: (1) Brockville Narrows,
(2) Morristow-n Point-Ogdensburg, (3) Ogdensburg Ice Boom, and (4) Galop
Tsland. Within this frimework of rcachcs, the deta led Ice characteristics
of control sites located in specific river environments can be more readily
evaluated.

BASIS OF DEFINING REACHES

Concurrently with the control site study, the writer investigated the
glaciological characteristics of pools (open water areas in the ice cover)
within the immodiare area of Influence of the Demonstration Corridor. It
was found that within the ice cover, pool location and geometry were ex-
tremely sensitive indicators of bathymetric and hydraulic conditions (Mar-
shall, 1979) and are two of the most distinctive features in defining
glaciological reaches.

These glaciological reaches, defined in part by both natural conditions
and by engineering structures, are units of the river where processes of ice
formation and erosion have similar characteristics under pre-navigation con-
ditions. Bathvmetry is the primary basis for defining two reaches of the
corridor, the Brockville Narrows and the Morristown Point-Ogdensburg Reaches,
while the placement of ice booms defines the Ogdensburg Ice Boom and Galop
Island Reaches. As more field data on ice characteristics is obtained in
these reaches and additional information abstracted from the existing data
hnse of aerial photos nnd Ice charrs, further glacological subdivisions
may b, possible. These divisions serve as a useful first approach in
understanding ice formation and erosion in the Demonstration Corridor.
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The basis for defining the four glaciological reaches included within
the Demonstration Corridor is seen in Figures 8 to 15. For each reach
there is included a bathymetric chart, a map of pool geometry, as well as
a series of bathymetric cross sections down the length of the reach which
further defines the natural bathymetry of the Demonstration Corridor.

The characteristics of each of the four reaches comprising the

Demonstration Corridor are as fo llows:

BROCKVILLE NR?-.OWS REACH

The reach designated as the Brockville Narrows extends from the
vicinity of Oak Point, Kilometer 230.9 (Mile 143.5) to Morristown Point,
Kilometer 218.0 (Mile 135.5). This 12.9 lan (eight mi) reach is
characterized by deep, narrow channels which pass through a complex network
of islands and shoals, giving rise to a wide variety of pool shapes and
sizes. Throughout this reach the navigation channel passes close to the
Canadian shcre, where water depths range from 9 m (30') to 43 m (140').
This great variation in wa:er depth over short distances creates extensive
upwelling.

The distinctive harhvmetry of this reach is brought out by outlining

the 6', 12', 15', and 24' contours, as seen in the upper portion of
Figure 8. The effect of this bathitnetry in controlling the pattern of
ice formation and the presence of pools is seen in the lower portion of
Figure 3. It should be noted that the major pools lie principally in
areas dee.per than the 24' conrnir, while the minor pools are located up-
stream of small shoals.

Only approximately 2 km (1.2 -ni) or 6% of the Demonstration Corridor
lies within this reach; nevertheless, the unit is treated as a whole since
the pattern of ice formation and erosicn between Oak Point and Morristown
Point proceeds as a unit. Downstream of Morristown Point, the bathymetry
is quite different.

The series of bathymetric cross sections (!I to #8) for the Brock-
ville Narrows Reach seen in Figure 9 illustrates the uniqueness of this
section of the river. A section ,icross eastern Chippewa Bay (#1) is in-
cluded at the top of this figure to illustrate the diversity of riverine
habitats outside the Demonstration Corridor; these are attributable to
breadth of the river and bottom topography.

The stages of ice formation and erosion in the four reaches of the

Demonstration Corridor are discussed in Chapter 2.V.

MORRISTOWN POINT-OCDENSBURC RF.ACIH

This 16.9 kin (10.5 mi) reach extends from Morristown Point, Kilometer
218.0 (Mile 135.5), to the Ogdensburg ice boom, 'ilometer 201.1 (Mile 125),
just upstream of the mouth of the Oswegatchie River. Approximately 50.7 of
the Demonstration Corridor lies within this reach.
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Basically, it is a long trench with very little bottom relief and an
exceedingly narrow littoral zone. The hathymetry of this reach is seen in
the upper portion of Figure 10 whore the 12' and 24' contoors define this
littoral zone. On the U. S. shore the zone varies from approximately 50 m
to 500 m and is widest in the Nevin's Point and Ogdensburg area. Along
the Canad ian shore this zone varies from 50m to 600 m and consists of
several broad reentrants connected by narrow littoral zones. Water depths
in the channl arai ratige from 14.9 rn (49') to 23.2 m (76').

In contrast to the Brockville Narrows Reach, the pattern of open
water areas reflects packing of ice floes, shear cracks, and thermal cracks
kept open by currents rather than tpwelling off irregular bottom topo-
graphy. In Figure 11 a series of bathymetric cross sections (#8 to #16)
down the length of this reach illustrate the transition from the irregular
bathymetry of the Brock-ille Narrows Reach (Section #8) to the smooth,
trough-like characteristics of this reach (Sections #9 to #16).

OGDENSBURG ICE BOOM REACH

This reach extends from the Ogdensburg ice boom located just north of
the mouth of the Oswegatchie River, Kilometer 202.7 (Mile 126), to the
downstream end of ChiMney Island Shoal, where the Galop ice boom is anchored,
Kilometer 193 (Mile ,20). This 9.7 km (6 mi) reach of river includes Ogdens-
burg harbor, Weedhouse Bay, the Chimney Point ice boom, and a series of
shoals upstream of Chimney Point which extend out into the channel and on
which the Ogdensburg bridge abutments are located. Thirty percent (30%) of
the Demonstration Corridor is located in this reach.

Downstream of Chimney Point the channel is narrowed by Chimney Island
and ChlItnCy Island ShUal, whilc, on Lhe Canadian shore the channel is re-
stricted by Drummond Island and a broad, shallow littoral shelf. On the
U. S. shore, the channel swings into Chimney Bay, a former broad meander
of the St. Lawrence River. Tibbits Creek flows into this bay. On the U. S.
shore, the width Of the littoral zone varies up to 600 m, having its widest
part in the vicinity of Weedhouse Bay. The broadest littoral zone, 900 m,
exists along the Canndian shore in the vicinity of Johnstown, Ontario.

Figure 12 indicates the effects of boom location (Ogdensburg ice boom)

in defining the upstream limits of the reach and the 24' depth contour in

determining the lateral extent of the pool.

A series of bathymetric profiles (#15 to #20) detail the characteris-

tics of this reach of the river. See Figure 13.

GALOP ISLAND REACH

The Galop Island Reach, viewed glactologically, extends downstream
from Kilometer 180.2 (Mile 112) to Kilometer 193 (Mile 120) at the Iro-
quois Dam. This reach contains three channels: the main channel, which
Is the navigation channel, passes immediately along the northwest side
of Galop Island; the shallow north channel, formerly part of the old
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Galop canal, takes a broad swing along the Canadian shore and joins the
main channel midway down Galop Island; and the south channel. The area
of the main and north channels is characterized by small irregular basins,
6 m to 10 m (20' to 32') in depth, set in on broad littoral areas where
water depths range up to 4.6 m (15'). The south channel is :haracterized
by an irregular bed consisting of a series of roughly elongated basins with
water depths of 7.6 m to 10 m (25' to 34'), separated by shallow threshoids.

s t. iI lrt' 1-4.

Prior to the construction of the Seaway, the river flow was split
around Galop Island (then unmodified in shape by dredge spoils) through
the Canadian and American Galop rapids. Today, 56% of the river flow
passes through the main dredgud Seaway channel, 20% in the Canadian channel
north of ?rison island, 4% in the narrow channel south of Prison Island cut
by the international boundary, and the remaining 20% in the south channel
(Adams, 1979).

Figure 14 illustrates the existing Galop Island boom system, which is
composed of four individual booms. From north to south, these booms are
referred to as the north Galop boom (Boom E), the main Galop boom (Boom G),
the Calop boom (Boom C), and the south Galop boom (Boom D). (St. Lawrence
Seaway Development Corp., 1978)

Pool geometry defines this reach as extending from Borm E and G
to the Iroquois Dam. The downstream limit of the Demonstration Corridor
is loca:ed at Frazer Shoal just below Cardinal, Ontario, about midway
dcrin the reach. The main Calop channel is largely open water. since the
lateral limits of the pool are approximately defined by the 2/-' depth con-
tour. cee covers the shallow littoral areas in the north and south channels.

In Figure 15 a series of bathy.metric cross sections (020 to #30)
further defines the characteristics of this reach.
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2. TV. METHODOLOGY

ICE INFOIIMATTON

Air Photo Indexes

Air photo indexes were a primary source of information on various
stages of ice formation and erosion within the Demonstration Corridor.
The corridor was usually contained on two index sheets of approximately
50 x 135 cm, which included the reduced images of about thirty overlapping
photos.

. The major limitation of these indexes was the fact that photomapping
usually began early in January, when the river was already ice-covered.
Thus little data is available over a series of winters on the stages of
ice formation and the characteristic glaciological features. See Appendix
D for a list of dates of U. S. aerial photomapping. In addition, the
timing of flights at 7 to 10-day intervals did not always pick up the
short-term changes which occur during ice formation and erosion. Although
suitable weather is a factor at these times, the photomapping flights need
to be tuned to the timing of ice formation and erosion rather than be pre-
scheduled. Recommendations for flight scheduling need to come not only
fron those in operational autority but also from those carrying out gla-
ciological studies.

Another significant limitati:n of the indexes occured during the
period- of one to two weeks follo,'ng heavy snowfalls. The definition

of snow-covered areas is poor, and ice detail is masked.

Aerial Ict Charts

Aerial ice charts prepared by the Canadian Ice Central, Ottawa, and
ma1dt available by the St. lawrence Svaway Authority, Cornwall, Ontario, were
used to follow ice formation and erosion in the intervals not covered by
aerial photomapping. See Appendix D for dates of Canadian aerial ice
reconnaissance in the years used for parts of this study.

FIELD

The glaciological portion of the control site study was constrained
by problems which wore compounded by the late winter starting date. The
type of ice data needed to evaluate control sites located in the various
winter environments must start at the time of initial ice formation and
extend through the period of Ice erosion, a period whc!:: normally begins
late in November and extends Into early April, approximately 100 to 150
days. The political and administrative delays caused a mid-February starting
date, and a ten day period of unseasonably high temperatures (mid-forties to
low seventies) along the St. Lawrence River beginning in mid-March (maximum
73*F on 23 March 1979) limited the ice season to 30 to 40 days within which
to organize, equip the field study, and collect samples.
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The following sections discuss problems encountered this past winter
as an aid to planning future studies.

Personnel

Because of the late starting date, it was not possible to hire full
or half-time student assistants with firm time committments to the pro-
ject. Thus it was necessary to arrange for an eight-man pool of students
from the geology department, SUC Potsdam. The coordination of student
availability and vehicles with weather conditions was often difficult.
However, this method was used to carry out the sampling in the few remaining
weeks of the winter. The normal student committments to term papers, spring
field trips, and exam periods acted to slow data reduction. Following the
end of the academic year in May, full-time student assistants gradually be-
came available.

Where winter field projects utilize student assistants, it is necessary
to organize the project with sufficient lead time (some six months prior to
the beginning of the field season), so that students can be recruited, time
committments coordinated with academic schedulesi and financial conditions
arranged.

The personnel problem more than any other argues for organizing these
studies on at least a three year base so that trained student assistants
would be available. Under a work-study program, academic credit could he
arranged for the winter field training and the research performed.

Transoortation

The original plan of study called for the use of airboats to reach
offshore sites and snowmobiles to sample the shallow water wetland, bay,
and shore sites. However, it was not possible in this year's study to
arrange the use of an airboat because of time constraints. The principal
modes of transport were snowmobile and man-haul toboggans.

As an aid in planning future studies, something needs to be said in
regard to the problems encountered in securing insurance coverage and about
safety factors in airboat operation and snowmobile use.

Insurance. The insurance requirements of the sponsoring institution
demanded that the airboat owner, as a private carrier, obtain a compre-
hensive liability policy before personnel used the airboat. Only two air-
boats are available In this section of the St. Lawrence River; of these, one
was interested in providing services to the winter navigation studies. It
was found that private airboat owners do not have an insurance history with
which to obtain such coverage. Local insurance agents (where knowledge of
river conditions is the best) refused to take this risk and passed the
decision on to home offices far removed from the scene.

The alrboat owner aggressively pursued the quest for insurance but was
met with repeated refusals and delays. When possible insurance carriers
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were located very late in the season, the quoted rate was prohibitively
expensive for the short time the ice cover might remain, particularly in
view of the fact that the Ire had already begun to rapidly (rode due to
the unseasonably warm air temperatures mentioned earlier.

Safety Factors. A government-owned, commercially available, fiberglass
airboat was in operation investigating hanging dams in the Ogden Island
channels during the winter and ofpr n;; f 1979. Project rectrlctions did not
allow this airboat to be used in Demonstration Corridor control site studies.
However, the writer had the opportunity to accompany the hanging dam study
and to observe the operation of this particular model airboat, both of which
are pertinent to future control site studies. Questions are raised con-
cerning hull construction, freeboard, caging of airplane propellers, and
rudder construction.

Winter operations in a small boat (airboac) in the St. Lawrence River
channel with ice floes and currents up to 5 ft/sec have the potential cf
being hazardous. Adequate lead time for planning can greatly reduce these
objective risks. Time is needed to carefully consider the design, materials,
and powerplant needed for an airboat idequate for safe winter operation on
the St. Lawrence River, and the question needs to be raised whether this
boat, originally designed for the Florida Everglades and modified for Arctic
lake and snow-covered tundra use, has been adequately redesigned for the
rough ice and currents found in many winter reaches of the St. Lawrence.
The experience of the U. S. Coast Guard station, Bay City, Michigan, in the
use of a re-enforced, aluminum hulled airboat should be considered.

For those more familiar with other Great Lakes environments, a frank
.,atement needs to be made--the St. Lawrence River is not a lake where
breaking through on foot can be no more than an inconvenience. Currents over
most of the river environment under study are sufficient to carry personnel
beneath the ice. In -.:hannel areas it is common to see heavy floes of winter
.ice many times the size of airboats flip up on edge and then disappear under
the ice cover when caught by currents 'on downstream ice edges.

Questions regarding the integrity of the present fiberglass hulls
have been raised by reports of cracks and strips of fibergla.q., detachiLg
themselves, resulting' from possible fatigue after operating in rough ice.
The writer's own experience when underway in fast-moving channel waters
raised doubts whether there is adequate freeboard designed into the hull.
A bow wave reflected off an ice edge met an oncoming wave, increased the
amplitude, and when the boat slid into th, -,,tlr.g "ugh, heavy water
was taken aboard, half filling Lth boat. .t nearly stopped dead in the
water and was being carried by ourrents Into an Ice edge situation until
full power was applied and the boat slowly labored out onto the ice cover,
where drain cocks wur, pulled.

Other situations, e.g., when rudders (which deflect toe airstream)
vlhrired l. oe or when welds holding the protective rnae around the air-
plane propeller broke and required balling wire repairs while in channel
areas, suggest that the current design ot airhoats is inadequate.
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Other events late in the winter stressed the need for stringent safety
and operative procedures, or tragedies will result. There has to be an
awareness of the potential field problems that can result from political
and administrative delays in setting up winter field studies.

During mid-winter at times of very low temperatures, offshore sites
near or on the channel have been reached by snowmobile. However, it requires
the services of someone who has a great deal of winter knowledge of the
river and can not be used as a standard operating method of investigating
offshore control sites, for the risks are too great. The writer's study of
the glaciological characteristics of pools in various reaches of the river
(Marshall, 1979) demonstrated the short-term fluctuations of ice cover
r0inning and pool formation that take place in offshore areas.

Sampling

Originally, it was planned that the samples collected during the
coldest part of the winter would be sawed-out blocks, since cores at this
time have a tendency to break into wafer-like sections due to the increased
hardness and resulting brittleness. However, because of the late winter
start and the warmer ice temperatures, the samples collected in wetlands,
in shallow bays, and along shorelines were primarily 3" diameter cores ob-
tained with a C.R.R.E.L. ice auger.

Transects were laid out at right angles to and narallel with wetland
edges, bay mouths, and shorelines. Cores were logged and placed in
narrow, plastic freezer bags with one label placed inside the bag and
another one tied to the top. Plastic bags which are slightly larger than
the core diameter aid in keeping the core segments in stratigraphic
sequence. The bagged cores from a given transect were then placed in
large, heavy guage, plastic trash compactor bags and closed with a twist
tie.

Individual ice blocks were sawed out of the ice cover with a large,
hand ice saw of a style formerly used in harvesting ice. They were
removed from the cover with ice tongs, placed in large plastic compactor
bags, and labeled.

Because most of the sampling was carried out at near or well above
freezing temperatures and often under sunny conditions, it was necessary
to store and transport the bagged cores in extra-large (64 gallon), plastic,
picnic-type coolers with a packing of snow. During late March and early
April, pre-frozen cooler trays were distributed among the cores, in addition
to snow, to prevent melting due to the unseasonably high temperatures. The

coolers were dragged on toboggans behind a snowmobile or were man-hauled.

Ice Storage

At first, ice samples were stored in a single twenty cubic foot, top
opening deep freeze. However, because of the lateness of the season and
the unusually warm weather, it was necessary to greatly accelerate sampling,
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and the volume of samples soon outran the available storage space.
Samples -4ere then stored in a small, rented, walk-in space for ice cube
storage, Later In the spring, ,n thl.s was requlrcd for commercial
purposes, samples were transferred to a second twenty cubic foot deep
freeze and into a portion of a small walk-in refrigerator located on the
Clarksun campus.

Labora Louv

A small trailer located on the Clarkson campus and equipped with a
lab betich was used as an unheated working space. The two twenty cubic foot
refrigerators were outside and adj.ac'ent to the trailer. A small bandsaw
was purchased for sawing ice blocks.

One of the purposes of the control site study was to investigate
the structure and stratigraphy of the ice canopy over various winter river
environ.encs. To this end, ice cores were illurninated b. diffused,
transmitted light and were photographed, using a 35 mm camera. See

Figures 21 and 22, for example.
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2.V. ICE CHAICTLERSTICS OF CONTROL SITES

This chapter sets forth the ic- characteristics for paired control
sites both outside and inside the Demonstration Corridor by assembling
the field data collected during late winter and early spring 1979 by this
study and by drawing from published and unpublished reports on St.
Lawrence River ice conditions. Three sites, Morristown Harbor, Nevins
Point, and Tibbits Creek, were selected as control sites within the
Demonstrnrion Corridor; Blind B.iy and Brandy Brook, located outside the
corridor, served as upstream and downstream controls respectively.
Chippewa Bay, with its varied riverine environments, served as a general
control area for comparisons of ice cover duration.

The various control sites will be discussed beginning with Chlppewa
Bay and proceeding downstream through the following four reaches included
within the Demonstration Corridor: Brockville Narrows, Morristown Point-
Ogdensburg, Ogdensburg Ice Boom, and Galop Island. The Brandy Brook area,
located just outside the corridor, serves as the downstream control.

CHIPPEWA BAY

Chippewa Bay, with its broad and varied shallow littoral areas, has
one of the longest periods of ice cover of any area along this stretzh of
the river and can serve as a control for other sites along the corridor.

-igure 16 indicates the various zones used for comparing the duration
of ice cover on bay and channel environments. The inner bay (Zone I),
where the first ice cover forms from mid-late November to mid-December,
extends out to approximately the 12' contour. Ice formation on the outer
bay (Zone II) is usually delayed rum two to four weeks uad extends out to
about the 30' contour. Ice formation gradually extends out ontn the
channel area, usually within ono week where water depths are greater than
30'.

Ice cover duration for the various zones on Chippewa Bay was deter-
mined from Canadian aerial ice charts for the fourteen-year p-riod 1965-66
to 1978-79. See Figure 17 • Ice cover duration studied in this detail
for the ice-forming zones on Chippewa Bay can be compared in some respects
to Lake Munuscor St. Mary's River. However, comparable aerial observa-
tions on the palLerns of ice formation and erosion have not been made over
that area.

The variations in ice cover duration for inner and outer Chippewa Bay
and channel are as follows:

Inner Bay 64+ to 139 days
Outer Bay 56 to 136 days
Channel 52 to 116 days
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BLIND BAY

The Rlind B; v control CftIr, [Ii an eixteflsi. , shnllow wtlind arc.
set in bedrock. It lies at the base of Chippewa Point and is open to
the north through a very narrow entrance to the St. Lawrence River. See
Figure 18. This area was selected as a control site primarily for its
alignment and proximity: to the shipping channel. Local residents report
LhaL bucctUs5 o[ it caLlObn, L!e Lay i . subject to toe effects of shl;-
inducud irawdown. Tcu samples were obtained within the bay from wetland
and nuarshore sites.

Duration of Ice Cover

Because it is shallow and protected from winds, the bay freezes earlv
and breaks up late. However, the determination of the full length of ize
cover duration is limited by the first and last dates of aerial ice recon-
naissance. See Figure 19.

The variations in ice cover duration between Blind Bay and the adja-
cent shipping channel are as follows:

Blind Bay 92+ to 135+ days
Channel 50 to 100+ days

Ico Characterisrics

The ice charact,.ristics weru determined on 22 March 1979 follc..ing a
period of unseasonably warm wenthor during whirh temperatures reached the
low seventies. The channel areas were completely open, while wave action,
concentrated by ch. narrow cni'anc. to the bay, had caused an extensive
system of parallel fractures approximately 3 m apart that extended 50 m
to 60 m into the bay. See Figure 18 . (Site C) This suggests the possi-
bility that bow waves could he concentrated in the same manner by the
narrow bay entrance and propagated into an ice-covered bay with similar
resulrs.

Structure and Stratigraphv

Cores were taken on transects at a wetland edge (Site A) and out from

a rocky shore (Site 13). See Figure 18 , upper.

A cross section of the ice cover structure and stratigraphy at tne
wetland edge is seen in Figure 20 . This section indicates that the ice
cover at this time in the spring consists primarily of snow ice and frozen
bottom sediments (cores A2 to A9). In areas of the ice cover now afloat,
snow ice overlies lake ice. In other cases, alternating layers of frozen
bottom sediments are ,eparnted by lake ice (core:; All to A16).

rho presence of those thin lake ice zones between layers of frozen,
organic-rich bottom sediments has been ascribed to water level fluctuations.
However, they may also be the result of the formation of segregated ice
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layers and lenses marking periods of slow downward freezing. Definitive
studies of the role of ice layer formation as a disruptive force in wet-
lands require the identification of the various natural processes now
operating in wetland control sites. Figures 21 and 22 are photographs
of ice and frozen sediment cores obtained at the wetland edge.

It should be noted that the greater snow accumulations which normally

occur within and Just at the edge of the cattail swamp are reflected even

at :his date in greater snow ice thicknesses. Snow and ice thickness and
water depth measurements for the Blind Bay control site are seen in Table
15

MORRISTOWN HARBOR

The Morristown Harbor control site is located at the upstream end of

the Demonstration Corridor. It consists of a long, narrow reentrant aporo-
ximately 800 m in length and 10)0 m in width. See Figure 23. A bridge sits

the harbor into an outer and inner harbor. Water depths ranze from 3 m at
the bay mouth to only 0.5 m at the wetland edge. Piers and docks line the
eastern side of the outer harbor, while the inner harbor upstream of the

small bridge has only minor cottage and private dock development. It is
fringed by a narrow wetland. The largest area of wetland is located at the
head of the inner harbor.

Since this harbor has the largest variety of riverine environments
within the Demonstration Corridor, seven ice sampling transects were

carried out; they yielded a LoLal of 51 cores. Transects A and B sampled
the wetland edge and C the innt.r h.irhor, while D, E, F, and G sampled the
harbor mouth, the shore, and offshore areas.

Ice Duration

Compart~ons were made of the duration of the ice cover between the
Morristown area, which includes Morristown Harbor and the expanse of ice

stabilized by Old Man Island and.Brockville Rock, and the navigation
channel. See Figure. 24.

The variations in ice cover duration between the stable Ice of the
Morristown area and the navigrtion channel are as follows:

Morristown area 61 to 98 days
Channel 46 to 93 days

Structitro and Stratigraphy

A cross section of the structure and stratigraphy of the ice cover

formed at the wetland edge (Transect A) is seen in Figure 25. Within the

wetland, this area is simple in structure, consisting of snow, snow ice,

aud t lo/e1 se.dimt'util.. A lhdoLograJilll of an Ice and frozen s..d!lmcnL core
(core A2) taken from the wetland edge is seen in Figure 26. At the outer

edge of the wetland, where the Ice cover is afloat, the cover consists of
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Table 15. Snow and Ice Thickness and Water Depth Measurements (in
Centimeters), Blind Bay Control Site, St. Lawrence River.
Winter 1978-79, 24 March 1979,

Core Frozen Depth to
No. Snow Snow Toe L.ik' Tce Sediment Total Tee BoCtom 2

All 0 0 8.0 11.0 19.0 *4

A2 0 0 0 50.0 50.0 44.0
A3 0 25.5 0 16.0 41.5 36.0
A4 0 8.5 0 46.0 54.5 49.0
A5 0 23.0 0 9.0 32.0 37.0
A6 0 36.5 0 26.0 62.5 55.0
A7 0 36.0 0 1.03 37.0 67.0
A8 0 19.0 0 13.5 32.5 58.0
A9 0 18.0 0 15.5 33.5 62.0
A10 0 21.0 0 14.5 35.5 62.0
All 0 11.0 11.0 12.0 34.0 54.0
A12 0 19.5 14.5 0 34.0 55.0
A13 0 20.5 16.0 0 36.5 71.0
A14 0 17.0 9.0 5.0 31.0 54.0
A15 0 0 24.5 0 24.5 59.0
A16 0 3.5 12.0 0 15.5 159.0

B1 0 19.0 4.0 0 23.0 45.0
B2 0 37.0 15.0 0 52.0 74.0
B3 0 12.5 24.0 0 36.5 86.0
B4 0 9.0 24.0 0 33.0 86.0
B5 0 10.0 24.0 0 34.0 91.0

ILetter denotes transect from which core was taken. See Figure 20 for

transect locatIon.

2Water depths measured from top of ice cover.

3Bottom of core containing frozen sediment not retained, data unavailable.

4Data not taken.
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Figure 23. Location Map of Ice Sampling Transects, Morristown Harbor

Control Site, Brockvilie Narrows Reach, St. Lawrence River.
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snow, snow ice, and like Ice. FIgure 27 is a photograph of an Le core
characteristic of the structure of the ice canopy at the mouth of Morris-
town Harbor.

Figure 28 traces the structure and stratigraphy of the ice cover
from the bridge in the inner harbor to a point approximately 300 m
beyond the harbor mouth. Snowdrift accumulation around the bridge
abutments causes a significant increase in snow ice and tot'l ice cover
thickness in this area. In very severe winters or during winters of
unusually heavy snowfall, increased ice thickness could greatly reduce
or cut off the flow of water from the inner harbor by further reducing this
narrow channel cross section.

Transect D extended across the mouth of Morristown Harbor and illus-
trates ice c6nditions frequently found on the downstream shore of harbor
mouths. See Figure 29. Core D9 in Figure 30 indicates windrowing of ice
early in the winter along this shore and shows the possibility of shoreline
scour. Later snow ice accumulation buried this feature. The following
five stages of ice formation can be seen in this core: Stage IA--formation
of new and young ice, IB--the break-up, windrowing, and refreezing of this
brash; Stage Il--the formation of a thin layer of lake ice at the bottom of
the refrozen brash; Stage Ill--the formation of winter snow ice; Stage IV--
formation of spring snow ice; and Stage V--the freezing of surface melt
puddles.

Table 16 lists sncw and ice thickness and water depth measurements

taken on transects A to G at the Morristown Harbor control site.

NEVINS POINT

Nevins Point is located 'i the Morristown Point-Ogdensburg Reach
approxihately 4.5 km upstrei- of the mouth of the Oswegatchie River.
This area is of interest because upstream of Nevins Point is a littoral
zone approximately 3 Lmin length. It occupies a slight reentrant which
contains one of the broader littoral zones on the U. S. side of the
river within this reach.

Duration of Ice Cover

The duration of the ice canopy over this littoral zone in comparison
to the channel is of biological Interest. The variation in ice cover
duration for the Nevins Point reentrant and the channel is as follows:

Nevins Point reentrant 62 to 103+ days
Channel 56 to 89 days

See rigure 31.

TIBBITS CREEK

The Tibbits Creek control site is located in the Ogdensburg Ice
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Table 16. Snow and Ice Thickness and Water Depth Measurements (in
Centimeters), Morristown Harbor Control Site, St. Lawrence
River. Winter 1978-79, 2-3 March 1979.

Core Frozen Depth to
No. Snow Snow Ice Lake Ice Sediment Total Ice Bottom2

Al1  49.0 19.0 0 17.5 36.5 39.0
A2 11.0 21 5 0 24.5 46.0 49.0
A3 8.0 * * 45.0 48.0
A4 5.0 37.5 0 20.0 57.5 55.0
A5 6.0 40.0 0 19.0 59.0 65.0
A6 5.0 42.0 0 15.0 57.0 60.0
A7 6.0 41.0 7.5 0 48.5 57.0
A8 6.0 40.0 5.5 0 45.5 61.0
A9 5.0 41.0 16.0 0 57.0 79.0
AI0 50.0 0 3.0 16.0 19.0 *

All 60.0 * * * 35.0 *

B1 4.0 39.5 14.5 0 54.0 59.0
B2 4.0 41.0 9.5 3.5 54.0 57.0
B3 7.0 * * * 56.0 62.0
B4 8.0 41.5 11.5 0 53.0 84.0

B5 0 37.0 3.0 0 40.0 *
B6 5.0 31.5 21.5 0 53.0 75.0
B7 21.0 * * * 23.0 23.0

Cl 9.0 19.5 22.0 0 41.5 46.0
C2 8.0 49.0 5.0 0 54.0 100.0
C3 8.0 45.0 3.0 0 48.0 100.0
C4 7.0 32.0 16.0 0 48.0 100.0
C5 15.0 49.0 0 7.0 56.0 *
C6 0 * * * 40.0 50.0
C7 6.0 * * * 43.0 80.0
C8 0 65.0 10.5 0 75.5 180.0

DI 0 17.5 36.5 0 54.0 150.0
D2 0 24.0 26.5 0 50.5 *

D3 0 24.0 23.5 0 47.5 *

D4 0 22.5 27.0 0 49.5 *

D5 0 23.0 28.0 0 51.0 300.0
D6 0 34.0 11.5 0 45.5 *

D7 0 23.5 19.5 0 43.0 *

D8 0 26.0 24.5 0 50.0 *
D9 0 20.0 2.0 0 60.04 300.0

El 6.0 18.0 19.5 0 37.5 900.0
E2 8.0 31.5 19.0 0 50.5 900.0
E3 5.0 32.5 16.5 0 49.0 750.0
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Table 16. Continued.

Core Frozen Depth to
No. Snow Snow Ice Lake Ice Sediment Total Ice Bottom

E4 3.0 20.3 25.5 0 46.0 700.0
E5 7.0 18.5 25.5 0 44.0 550.0

E6 14.0 23.0 23.5 0 46.5 450.0
E7 17.0 23.5 23.5 0 47.0 130.0

F1 * * * * 35.0 1030.0

F2 15.0 14.0 23.0 0 37.0 1300.0
F3 1z.0 17.5 26.5 0 44.0 1100.0
F4 12.0 15.0 29.5 0 44.5 1300.0
F5 4.0 15.0 23.0 0 38.0 1400.0
F6 13.0 12.5 28.5 0 41.0 1400.0

G1 12.0 15.0 29.5 0 44.5 1300.0
G2 4.0 15.0 23.0 0 38.0 1400.0
G 13.0 12.5 28.5 0 41.0 1L00.0

ILetter denotes transect from which core was taken. See Figure for
transect location.

2Water depths measured from top of ice cover.

3Data not taken.

4Total includes 38 cm brash ice between snow and lake ice.
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Boom Reach approximately 1.7 km downstream of the Ogdensburg-Prescott
bridge. See Figure 32. It consists of a small, shallow creek and wet-
land together with a narrow littoral zone in front of the creek (zone I).
Zone 11 is a former channel of the St. Lawrence River; Zone III is
Chimney Island Shoal; and Zone IV is the present navigation channel.

The ice cover duration has been dettrmined for these four zones
for tho ye-irs 1973-79 -o 1974-75. The variltion in ice co(ver curati~n
is as follows: (See Figure 33.)

Tibbits Creek 85 to 118+ days
Old (Inner) Channel 45 to 93 days
Chimney Island Shoal 41 to 93 days
Channel 45 to 83 days

Table 17 lists snow and ice thickness and water depth measure-
ments for the Tibbits control site. The creek was open on this date.
The only ice remaining was located on the shallow littcral shelf, or
zone I.

The Brandy Brook control site is located 21.5 an on the downstream
side of the Cardinal-Frazer Shoal limit of the Demonstratin Corridor.
It consists of Brand,; Brook and a few short tributaries, a broad, shallow
littoral shelf, a fcrmer channel of th2 St. Tawrence River, Murphy Island
Shoal, and the navigation channel. See Figure 3.

ice Cover Duration

The two ice-co:ered units used in the deternination of ice cover
duration consist of (1) Brandy Brook and the littoral shelf and (2) :he
former channel, Murphy Island Shoal, and the navigation channel.

The variation in ice cover duration for these units is the following:

Brandy Brook 115+ to 128+ days
Channel 57 to 96 days

See Figure 35.

Ice Characteristics

Ice and frozen sedlmcnt cores were obtained in a small tributary on

the west side of the brook (see boxed area), Figure 34.

The ice cover in these areas is subject to collapse and freeze-
down due to drawdown of water levels for power generation. During the
spring run-off, the ice melts free from the bottom and rises to the sur-
face. Although ice thickness and water depth measurements were taken,
the advanced state of erosion of the floating ice floes did not lend
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Table 17. Snow and Ice Thickness and WAter Depth Measurements (in
Centimeters), Tibbits Creek Control Site, St. Lawrence
River. Winter 1978-79, 22 March 1979.

Core Frozen Depth to
No. Sno)w Snow Tco .,ake Tce Seuiment Trtal Tee Bottom-

Al1  0 * 3 , 38.0 68.5
A2 0 * * * 38.0 74.0
A3 0 17.0 10.0 0 27.0 61.0
A4 0 5.0 26.0 0 31.0 79.0
A5 0 13.0 20.0 0 33.0 101.5
A6 0 7.0 22.0 0 29.0 106.5
A7 0 11.0 14.5 0 26.5 109.0
A8 0 12.0 12.0 0 24.0 109.11
A9 0 * * * 33.0 145.0

IL.tter d.notes tran. ect from which core was taken. See Figure for
transect location.

2Water depths measured from tcn of ice cover.

3DaCA not taken.
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Figure 34. Location Map of the Brandy Brook Control Site, St. Lawrence River,

Showing Ice Sampling Site and Zones Used for Ice Cover Duration.
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itself to stratigraphic studies. The ice cover on Brandy Brook was unsafe
for travel at this time.

Table 18 lists the ice thickness and water depth measurements for
the Brandy Brook control site area.
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Table 18. Snow and Ice Thickness and Water Depth Measurements (in
Centimeters), Brandy Brook Control Site, St. Lawrence
River. Winter 1H78-79, 28 Maren 1079.

Core Frozen Depth to

No. Snow Silow IcU LikQ Ice ' 5ti'd lment fo L,1 I - rott0) "

All 0 29.0 10.5 0 39.5 251.0
A2 0 31.0 13.0 0 44.0 259.0

AJ 0 28.0 14.0 0 42.0 277.0

A4 0 20.0 15.0 0 35.0 272.0

A5 0 20.0 12.0 0 32.0 262.0
A6 0 28.0 6.0 0 34.0 213.0
A7 0 ,3 , , 28.0 1S3.0

31 0 26.0 10.0 0 36.0 229.0

B2 0 19.0 15.0 0 34.0 226.0

Cl 0 30.0 7.0 0 37.0 79.0

C2 0 23.0 3.0 0 26.0 36.0

C3 0 42.0 0 0 42.0 51.0

D] 0 16.0 0 0 16.0 13.0
D2 0 26.0 2.0 0 28.0 33.0
D3 0 26.5 4.5 0 31.0 56.0
D4 0 21.0 8.0 0 29.0 66.0

D5 0 31.0 9.0 0 40 0 70.0

D6 0 26.5 9.5 0 36.0 63.0
D7 0 25.5 0 0 25.5 44.0

D8 0 17.0 0 0 17.0 20.0

El 0 21.0 0 0 21.0 26.0

E2 0 41.0 0 0 41.0 62.0

E3 0 16.0 10.5 0 26.5 53.0

E4 0 16.0 5.5 0 21.5 47.0

E5 0 42.0 2.5 7.5 52.0 49.0

E6 0 37.0 0 13.0 50.0 46.0

E7 0 30.0 0 10.0 40.0 38.0

E8 0 * * * 25.0 27.0

E9 0 * * * 19.0 19.0

F1 0 22.5 0 0 22.5 26.0
F2 0 29.0 0 0 29.0 44.0
F3 0 41.5 0 10.5 52.0 44.0

F4 0 48.5 0 7.5 56.0 52.0

F5 0 28.5 0 0 28.0 47.0

F6 0 28.5 0 2.0 30.5 40.0

F7 0 37.0 0 3.5 40.5 37.0
FS 0 44.0 0 0 44.0 39.0
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Table 18. Continted.

Core Frozen Depth to
No. Snow Snow Ice Lake Ice Sediment Total Ice Bottom

F9 0 24.5 0 0 24.5 20.0

ILetter denotes transect from which core was taken. See Figure for

transect location.

2Water depths measured from top of ice cover.

3Data not taken.
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2.VI. CONCLUSiONS AND RECO1IENDATIONS

CONCLUS IONS

Demonstration Corridor

1. Bathvmetric conditions and the resulting unwelling, together

with the placement of ice booms, are the principal factors that define
four glaciological reiches of the Demonstration Corridor. These reaches

are the Brockville Narrows, Morristown Point-Ogdensburg, Ogdensburg Ice
Loom, and Galop Island Booms.

2. The lateral boundaries of pools in the Ogdensburg Ice Boom and

Galop Island Reaches are largely determined by the location of tha 24'
depth contour.

3. Pools in the Morristown Point-Ogdensburg Reach are the result
of the packing of floes of loose slush and frazil, thermal cracks, and

shear cracks kept open by currents.

4. Ice boom placement determines the pool boundaries of the Ogdens-
burg Ice Boom and the Galop Island Reaches.

5. In the Brockville Narrows Reach, rough bottom conditions and
the resulting upwelling are the principal factor controlling the location
of pools.

ConLoil Sits,-s

1. -The maximum ice cover durations for protected shallow control
sites are the following:

Chippewa Bay 139 days
Blind Bay 135+ days
Morristown Harbor 98 days
Nevins Point area 103+ days
Tibbits Creek 118+ days
Brandy Brook 128+ days

2. Wetland edge? environments are covered by a frozen three-layered
formation consisting of snow ice, lake ice, and frozen organic-rich bottom
sediments.

RECOMMENDA Tr1ONS

Demonstration Corridor

1. Aerial photomanping of the Demonstration Corridor beginning at
the time of initial ice formation and extending during the whole process
of i,e erosion. In a('ditlon, low altitude missions arL nueded at sclected
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times for stereo examination of ice conditions. It is necessary to have
a complete overview of 100-150 day period that ice covers the various
riverine environments.

2. Develop the capacity for all-weather monitoring of ice forma-
tion and ice erosion in the Demonstration Corridor by utilizing SLAR
(Side Looking Airborne Radar) in coordination with aerial photomapping.

3. Compile photo interpretation guide of the St. Lawrence River
ice characteristics.

4. Compile a bathymetric chart of the Demonstration Corridor
utilizing the vast -array of soundings on NOAA field sheets. Versions
of this chart in normal format and shaded relief iid in visualizing
the engineering and environmental factors associated with demonstra-
tion voyages.

5. Investigate the structural geology of ice surrounding pools
originating Lrom upwelling currents and ice boom placement.

6. Carry out a full winter's study in order to define the stages
and processes occurring in ice formation and ice erosion in the Demon-
stration Corridor. The study should extend over several winters to
include winters of varying severity.

7. In the future, if winter navigation studies are to be carried
out in the Demonstration Corridor, it would be helpful if the objectives
of the scientific programs were carefully explained in the media prior
to the studies. This would serve to inform residents along the river
and help to allay suspicions. Winter navigation is not a popular subject
with these people, who see their economic livelihood threatened.
Attempts to develop a data base in their dooryards is often viewed with
distrust. Field studies benefit from the cooperation and advice of
experienced residents, and sensitivity to these issues by explanation
at the local level woold he producilve.

Control Sites

1. Studies need to begin at the start of the winter, particularly
in buys and wetlauds,.in order to trace the Important role snow and snow
ice plays in the formation of the ice cover. The stratigraphic interpre-
tation of late winter ice cores is made difficult without these data.

2. Requests be made of federal or state authorities for detailed
soundings extending from bay mouth to wetlands in bays and harbors
fringing the Demonstration Corridor.

3. Contracts for studies of control sites in the Demonstration Corri-
dor be issued early in the fall to allow for recruiting of field staff.
In particular, if students are utilized as field assistants, sufficient lead
time is needed to arrange class schedules to permit 1-2 full days a week
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in the field. Commicmonts must he made to students for the academic year
to most efficiently meet both project and student financial requirements.

4. Safe river studies in areas of cold, moving, open water and ice
mandate adequate lead time for locating riverworthy airboats, trained
operators, and cold-water protective garments.

5. Tivestignto tlhe poss il i 1tv that thin ice layers in Frozen, organic-
rich bottom sediments in St. Lawrence River wetlands, formerly ascribed :o
wacer level 'luctuations, may he LIhu rusult of the formation of segregated
ice layers and lenses marking periods of slow downward freezing. Auto-
matic water level recorders and thermocouple probes should be used to
monitor ice layer formation :it the weLland edge.

6. Future studies of the development of stratigraphic features in
the ice canopy should utilize vertical thin sections photographed in
polarized light to determine the origin of these features.
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_ 1977. St. Lawrence River, Croil Is. to Leishman Pt. St.
Lawrence Seaway, N. Y. Chart #14762 (formerly LSI2), 24th Ed.,
October 29, 1977. Scale 1:30,000. NOAA, NOS, Washington, D. C.

109



APP END ICES



A-1

0000 ~ 0 0 0

C- ffl M ( e C4
- - C1 14 - -4 14-4 -4 -4

Coco0 0ai>c
/T CNJ

rnO n-4 6n - -ZC

I" u-l0
cn .- ' U- '-T -

.6J.
CA*

Z o ' DC4- I- -4 -4 %. N

r- c 00 co

0j f-. C* 0 .n .9 1

-4

go. .J -4 0 I -- J

-4 -4

%0 00 U10%0 000C- C

~~z20 -4 -4 w-4 0

Ia V.1.4 cl: J -1
tm aO.NO . ',C 7 % ;" 

Ijz 
c7 CN % r.C

* F ~ If~ P

co -Nen r 00C-1)0-.o

m~ goj V)4- C4 MC

M E- -% " A--



A- 2

o 000 00e0 0

00 -4- P4 -4-4 " - 404P4-
a

0C000 000 0000

0000 000 0000
-4P- -4 4- 4"f-

0 0

to 0 000-

'-V4

-3-

-4 N -4

o ~ -co '0 ' r-O

00oo 0 0rS~~ '~4

Ln C1 ' . Z " lL

00 co r- 00 o -%%Goc

V3 0

coosr ovlrco

-40 - 000C 01'y c? 0 0c 0,

go P4 - C CnCN-4 40-, C4

4 -1 , P- . .-- ..
0 NN m 7 M C4M' 4C4e -

It0 0*r I**

0J-4
oa



A- 3

a%73 r- C4 ' 0 1; 1' N C4 - _; C; _:

n r- C-1 -

iiii t 1 1 11

T -T -4r- r

- - -- C1TC4 - 04L

Ia.1

'21

ON 00 N -4 -1 0 0~0

00 -4 00 0 0 0 -4C00 O ,4-40N

-4. -4U 414

C,41 0.-- 0 0)C oc o

-4 C4 -- 4W-4 -4O--'c'JN4 -4 .C%4 In.-4j

C'4~ ~ ~ qk-,--- 3(nfn'



A- 4

, 00000 00%00000 000

U ~ ~ _ C4707e 0u8 0.c C; 1c
ena -nlC "e

coo --- o coo

00000 OOOf%00 00

00000%00 MM 0 r ON-4 000
V-4 W4 P-4 -4 -4- - 4" O-

z co

CC 0111 0 C 01111 0 IIT% 0 IO0

(n en0 NLM.71 C CMM N"
A--

00 .
C4 '-V

-4a C4Lr ITO m
o4

6 0 N tlr 0 l N C4 L 0 L M P0C

04 4C4fn% 45 C4P4P4-
V-4V-

awa

. . *0% C4 % 0
-4 140%~~ COa'n .0 . . .

V- - -4r 0~s % "G G
00

00~O/ 004~-a~ 0

r-an 0 O -494P% " 0 CO en

, 0U~ vr-~ -

C4 0 0 -( -4 LM C % %

w -4 P4v44 v-4 P-Ip 4' P-4 -4 "

-P W e4. . ..

(aW- -40v. - *4 40 00.70 - 4 - , 1. -.

u Zi



A- 5

No N. coc nL

S

CC% CN N~~r

= D ,00 w 1-1
1-4~

.a0 oD 0

C14 %

C1 C CDCC

*~~r -.17' '

%. C-.- e) CC-. *T

0- 00r 0 .- Ci * c O~ 0tl 0

j 0 0 C C4



A- 6

C4~.~ C4 1-4 N 0li

C4 -n -4 co C

0C000co 0 0000

co en r4N %?f c oIen C o0

-4- -41

00 00 99099

oo0 o C4 0%00CO 400

9 90

cn Olg Ci 0% nll

E-9 09 0P000

40N

on co N -

fn ~ cn 0% 0 n~
r.: IC . rz r: C6

cc a n0 n r

aa

;Od U4 c N -P -
00 C4 %* .% I C* g *NI.%.%

NIf % C4t M n* t( mI k(



B-i

aON (N 00 1 OW-7 en ' -71

0 0 000 0 0 0

C- 04 --I0 N 0 co Ln

c~ -n

0 w Ln 0 c" -CDITON a Acc- I c7 nC 4r 1 r 0MC4

uJC C~ n -. 7NOO e t c, .4 0u Nn 0 -4 -40 . .4 -7N UV

o w w 0x 0; 000 0- 0 0 1 0 00 0 0 0 0
I- tJ 0

z

-rI ," -.4 00 000 00 0 -41 000 00 0000=1 -.

4.J 9

-0Ln C ON 00 CN -al .7 - -J

C- C1 11 -
A- j -

00 Co ate i 7T r,

j0)
oc o C e)00a 0 00 C O CD C

> 0 U C

SC 0 0 =I 0~. - 0777~ N 0-U- c 00"C -- 'C =
= m4 ,r. =~'- =r- = n n =

m~ CA ~ inwI

w M3 00 000 00 0 000 000 00000D

z, 4. = -Pzzc)w3 =

wC -01 T- 4c c
-4 0w -4- I- nm 4C4Mr

0 nkit k1C4c bV 2 blb= bf tV



B-2

APPENDIX B (cont'd)

Particle Size Distributions in Time-Composited Sediment
Samples from the St. Lawrence River, 1979;

Percent of Oven-Dry Weight

Particle Size Class (Diameter)
Sample Sand or Greater Silt Clay

_> 0.05 mm) (0.002-0.05 m) (c 0.002 m)

Blind Bay
#1 Wetland 96.1 3.9 0.0
#2 Near Shore 86.8 9.9 3.3
#3 Near Shore 95.1 4.9 0.0
#5 Shoal 90.1 8.3 1.6

Morris town
#6 Wetland 89.4 10.6 0.0
#7 Bay 84.5 13.8 1.7
#8 Near Shore 94.4 5.6 0.0
#T Near Shore 94.9 5.1 0.0

Brandy Brook
#11 Wetland 72.0 24.7 3.3
#12 Bay 76.9 21.4 1.7
#13 Shoal 93.5 4.9 1.6
#16 Near Shore 52.2 41.2 6.6
#18 Wetland 83.3 16.7 0.0



APPENDIX C

Location Maps of Ice Sampling Sites.
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APPENDIX D

Locaticn M!ap of Bathnymetric Cruss Sect ions



°2I '

..1 ... ,

-. 7 -.
=- " i C

• "--"

- I

• -

- .. *... . -- - .- -- =

-.". ,_I

.; .- . .1
- "3.

• • ,

iimi mll ... i ~ l m

-. -,.C

.. ,- -

D-l



;%P77NDIX E

List of Dates of
Caadi n. Aerial Ice Reconnaissance,

St. Lawrence River,
.'inters 1975-76 to 1978-79.



Appendix E . A=rial ice Charts

Aerial ice charts of the St. LawrLvnre River, prepared by the
Canadian Ice Central, Ottawa, and made available by che St. Lawrence
Seaway Authority, Cornwall, Ontnrio, were used in this study.
The dates for Canadian aerial ice reconnaissance flights during
the winters of 1971-72 to 1974-75 were as follows:

Winter 1971-72

December 1971: 10, 13, 19, 21, 23, 27, 28, 29, 31.
January 1972: 3, 5, 8, 11, 14, 16, 18, 20, 26, 27, 31.
February 1972: 1, 7, 10, 16, 23, 27.
March 1972: 6, 8, 9, 15, 19, 21, 24, 27, 29.
April 1972: 1, 3, 5, 7, 9, 10, 11, 12, 14, 17, 18, 20, 21.

Winter 1972-73

December 1972: 7, 11, 14, 17, 20, 27, 29.

January 1973: 3, 3, 12, 16, 19, 26.
February 1973: 5, 9, 23, 27.
March 1973: 5, 7, 8, 9, ii, 13, 16, 19, 21, 23, 26, 28.

Winter 1973-7.

":ov:mber 1973: 29.
December 1973: 12, 13, 18, 19, 24, 28.
January 1974: 3, 7, 10, 14, 17, 24, 30.
February 1974: 1, 7, 15, 21, 26.
March 1974: 4, 6, 8, 11, 14, 18, 1.9, 22, 24, 26, 27,2, 29.
April 1974: 1, 3, 5, 10.

Winter 1974-75

December 1974: 4, 6, 10, 20, 23, 30.
January 1975: 3, 6, 10, 14, 17, 20, 22, 27, 30.
February 1975: 3, 7, 10, 14, 20, 27.
March 1975: 3, 5, 10, 13, 14, 17, 21, 26.
April 1975: 1, 2. 8, 11.
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Glossar- of Te-hnical Term~s



App.ndix F. CiOssary of Technical Terms

AIR PHOTO INDE.2' - A collection of overlapping, numbered individual
aerial photos laid out by flight line and rephotographed to
provide in one photographic print an overview of an area
pho t ow, lPPt(.

BEGINNING CF BREAK-UP - Date of visual evidence of initial erosion along

shoreline--th appearance of a shore moat or lead.

BEGINNING OF FREEZE-UP - Date on which ice forming stable winter ice
cover first observed on the water surface.

BRASH - Small fragments of lake, river, or sea ice less than 2 m in
diameter.

BRE.K-UP - The period in the history of a lake, river or sea ice cover

when the ice layer is fragmented by wind and wave action and/
or thinning by melting. Mid-winter storms can break up an ice

cover; however, the term is commonly used for the disappearance

of the ice cover in the spring.

BREAK-UP DATE - The date on which a body of water is first observed to
be entirely clear of ice and remains clear thereafter.

EREAk-UP PERIOD - Period of erosion of the ice cover.

COASTAL ZONE - includes the shorclands, the coastal waters, the icelan-s
and the submerged lands lying under the coastal waters out

to the limit of state jurisdiction.

CMACK - A break or split without complete separation of parts such as
a thermal crack in the ice, in contrast to a fissure.

CRYOCONITE HOLE - A small, dry or water-filled pit in an ice surface pro-
duced by the absorption of radiaLion by windblown dust which
causes it to sink into the ice. The diameters of these pits

is usually less than 1 centimeter but have been observed to

be several tens of centimeters in diameter. The dusts can
result from deflation from open agricultural fields, or as
was observed on Brandy Brook, Waddington, N.Y. area, originate

as sediments frozen to the bottom of the ice cover and later

put into suspension.

FAST ICE - An ice cover which remains fast generally in the position where
it originally formed. It is found along coasts where it may
be attached to the shore, or over shoals where it may be held

- in position by islands or grounded hummocks or ridges.

FRAZIL - Dendri-tes or di;coids of ice suspended in water (formed in super-
cooled, turbulent waters).
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FREEZE-UP PERIOD - Period of initial formation of an ice cover.

FREEZE-UP DATE - The date in which the body of water was first observed

to be completely frozen. over.

FROST SMOKE - Fog-like wispy'clouds due to contact of cold air with rela-
tively warm water which can appear over openings in the ice
and may persLt while Ice is forming. Seen over open water

- areas on the St. Lawrence River during periods of very low
temperatures.

GLACIOLOGY - The science of the geology of ice. Includes fresh water
ice covers on rivers and lakes, salt and brackish ice, as
well as the ice in glaciers, ice caps and continental ice sheets.

RANGING DAMS - Accumulations of frazil, new and young ice that collects
under the ice cover to form long ridges. A hanging dam
approximately 1800' long and 15' deep was observed in the
vicinity of Sparrowhawk Point, Ogden Island area, St. Lawrence

River during the winter of 1978-79. (Batson, G. et al, 1979)

HINGE-LINE CRACK - A crack or a zone of several cracks formed between the
floating ice and the grounded ice foot due to water level
fluctuations caused by wind or changes in atmospheric pressure.
The same as a TIDE CRACK.

ICE BOOM - An engineering structure frequently composed of 15'-30'
timbers (14" x 22") linked by steel cable and chains which
is strung across a river's and harbor's mouth to restrain
the movement of ice floes. Examples include the Ogdensburg
boom, and the booms across the North, Main, and South Galop
Island Channels, St. Lawrence River, and Buffalo harbor.

ICE COVER - A significant expanse of ice of any type and form on the sur-
face of a body of water. Although the term "ice sheet" is
commonly used interchangeably with "ice cover", the writer
prefers the latter in order to avoid the glacial connotation
of a continental ice sheet, i.e., the Greenland or Antarctic
ice sheets. When it is used with an adjective such as lake-
ice cover, the meaning is clear.

ICE COVER DURATION - The period of time during which a body of water or
an area under study is completely covered with ice.

ICE FLOE - A single piece of pack ice. The size of an ice floe can
range in size from fragments 2 meters in diameter to vast
floes several kilometers in diameter.

ICE FOOT - A fringe of grounded ice observed in Chippewa Bay, St. Lawrence
River, up to 5-10 meters in width attached to the shore and
unmoved by fluctuations in water level. On shorelines exposed
to wind and wave action it is composed of accumulations of
frozen slush, sludge, brash, and spray.
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ICE WEATHERING - The process by which ice rocks disintegrate into ice
grains and meclt. Thi:, occurs by grain boundary melting,
Inrornnl licutufacrion of the ice r r:iin in the plane of the

secondary axis (0001), and by external melting.

ICE.,\,,DS - The ice covering tho Great Lakes and Lhe St. Lawrence River
is viewed as a geological extension of the shorelands which
th writer l' , inatt .1' ielandk. Th,P 1cnlandn consist of

stable and unstable icelands.

L .K ICE - 'he freshwater ice sheet r,-sulting from the freezing or
congelation of lake waters. The lake ice sheet is composed
of grains cumonly columnar and on occasion tabular in
habit.

LITTORAL SHELF - Those water areas of intermediate depth along the St.
Lawrence River between the bays and the deep navigation
channel. The zone outside Chippewa Bay ranges in depth frcm
12'-50' and freezes over as a geographic unit after the bays.

MEDI -% WINTER-ICE - A winter ice cover with a thickness 15 to 30 cm
(6 to 12 in).

NEW ICE - A general tcrm "which includes frazil, slush, and sludge and
pancake ice.

OPEN WATR R A relatively large area of icc-free navigable water in
an ico-encumb'ored lake or sea. Charac:erized by Less than
1/10 ice cover.

PA CK ICE - A gen,,ral term used to include any form of floating ice
other than fast ice regardless of its form or concentration.

POLYN YA - A Russian term for an unfrozen portion of a river surrouncdd
by river ice - other than a lead.

.POL - Any relatively small ice-enclosed water area in the midst of
pack ice other than :i le'd. Areas of this type are observe(
as annual features in the St. Lawrence River caused by up-
welling, as in the Brockville Narrows, and by currents at
the Ogdensburg boomCalop Island booms, and below Iroquois
Dam.

RAFTED ICE - A type of pressure icc formed by one ice layer o'er or
under-riding another. These layers may or may not be frozen
together.

RAPTOR - A bird of prey, such as a hawk or eagle.

REACH - A stretch of water visihle between bends in a river or channel

(nautical).
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SASTRICI - Wave-like nnd tongut .-1 ik, ridg.s of Rnow formvd by the scouring
action of wind on a dense snow cover. Frequently observed on
the surface of an ice cover and when water-soaked, refreezes

into snow ice.

SLUDGE - The myriad of randomly oriented tabular and acicular, skeletal
crystals growing in the supercooled surface waters of a lake
or river and only slightly frozen together. This thin layer
gives the lake surface a greyish color. With light wind no
ripples appear.

SLUSH - Snowflakes falling into the water in great numbers create a
layer of water-soaked snow or slush. Slush layers are also
formed on the surface of a lake ice sheet due to snow loading
which depresses the ice, allowing lake waters to flow up into
the overlying snows along cracks and along lake-ice grain
boundaries.

SHEAR CRACK - A crack produced in the ice cover by a shearing motion.
Observed in the Brockville Narrows where channel ice was
sheared away from fast ice attached to the islands by currents.

SNOW COVER - The snow layer covering the lake ice and frozen ground of
the shorelands. This layer commonly consists of several
stratigraphic layers and often becomes water-soaked and
w--ezes into snow-ice.

SNOW ICE - The ice which forms from the freezing of water-soaked snows.
Grain sizes commonly range from fractions of a millimeter to
1 centimeter.

SUBREACi - A subdivision of a reach based on navigational, hydraulic,

or glaciological characteristics.

THAW MOAT - The zone of open water formed between the shore and the ice
cover by the melting action of run-off during winter or
spring thaws. This limits access to the ice cover for mammals
and detaches the ice cover from the land allowing wind action

to dri've the ice sheets ashore causing destruction of marsh-
land habitats, docks, and cottages.

THERMAL CRACKS - Cracks in the ice cover formed by the thermal contraction
of the ice and range in width from fractions of millimeters to
several centimeters, extending in length from a few meters to
many kilometers.

THICK WINTER ICE - An ice cover more than 30 centimeters thick. On the
Great Lakes thick winter ice may range up to 60 to 90 centi-
meters. On the St. Lawrence River, 40 to 90 cm.

TIDE CRACK (HINGE-LTNE CRACK) - An active crack between the fast grounded

ice and the floating ice cover subject to short term water
level fluctuations due to wind tides and winter-long water
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WATERBIRD - Any swimm:'n, or wading bird.

WATERFOWL - A swimming bird, such as a duck or goose.

WINTER ICE - An ice cover with a thickness of greater than 30 centi-
meters. (See MEDILUM WINTER-ICE and THICK WINTER-1CF.)

YOUNG ICE - N;e,.iy formed le,.'- ice generally in the transition stage

ct deveicoment from ice rind or pancake ice to winter ice;

thickness from 5 to 15 centimeters.
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APEDIX G

RESPONSES TO REV TE1ER
QUESTILONS AND COM-MENTS



o n July 24, 1979

Ms. Madonna McGrath, Chief
Environmental Planning Staff
Great Lakes National Program office
U.S. Environmental Protection Agency
Region V
Room 932
536 South Clark Street
Chicago, IL 6060-5

Dear Ms. McGrath:

Dr. Joseph V. DePinto and I wish to thank you for your
cc:ments and cuestions concerning our draft report on "Analysis
of Control Sites," a study performed for the Environmental
Evaluation Work Group FY 1979 Studies of the Winter Navigation
Demcnstration Program under the auspices of the Great Lakes

asin Ccmmsson. .-e fully acgree with your statements concerning
the e:ercise of caution in use of the conclusions which stem
from such li mited studies and the need for setting priorities
for studies of those potential impacts which have been identified.

Enclosed you will find our responses to your questions and
comments. Should further clarification appear necessary to
you, do not hesitate to contact either Dr. DePinto or me.

Sincerely yours.,

Thomas C. Young
Assistant Professor
Department of Civil and
Environmental Engineering

TCY : jd

Enc.
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RESPONSES TO MS. MCGRATH'S QUESTIONS/COAMENTS

Question a: If only water quality "may be sufficiently
predicted" from control sites, what are the
merits with proceeding with the idea?

Response: As we attempted to state in Conclusion 3 of the
report, our examination of paired site data led us to the
conclusion that soluble characteristics of water quality in
main flow habitats (channel, shoal, near-shore) were
similar at the three major sampling locations. That is,
for longitudinal
changes in magnitude of soluble parameters were similar.
Thus, a main flow sampling site located outside of the
Demonstration Corridor can serve as a control site for soluble
parameters which may be measured at sites within the
Corridor during vessel transits. Differences in magnitude
between Corridor and control sites may be tested for
statistically significance to determine whether observed
differences are due to chance or possibly due to Demonstra-
tion activities.

The merits of continuing with a control site approach
to monitoring water quality during a Demonstration program
rest on several considerations. maintenance of the biological
community of the St. Lawrence depends in large part on
maintaining continuity in the physicochemical environment
of the river. However, vessel transits, under Demonstration
conditions, have the potential to alter various aspects of
the aquatic environment. For example, besides affecting
light penetration, vessel-induced sediment resuspension can
facilitate desorption and dissolution reactions which result
in' increased levels of soluble nutrients, such as phosphorus,
or toxic heavy metals, which have been found at elevated
levelsin sediment samples from some locations in the river.
Further, disturbance of sediment deposits which possess an
oxygen demand can increase the rate of oxygen utilization by
the sediments through enhancement of the transport of oxygen
to the sediment particles and, thus, result in lower oxygen
concentrations in the river. These examples of potential
effects of winter navigation on water quality are not
inclusive. However, they serve to indicate the existance of
water quality parameters which are biologically significant,
potentially vulnerable to Demonstration activities,
determinable by field sampling, and testable by a paired site
approach. It is our feeling that the potential changes in
water quality which could result from a Demonstration of
winter navigation constitute sufficient justification for a
monitoring plan which, as a minimum, includes paired control
and Corridor sites for sampling and analysis.
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Question b: W;hat are the confidence li.its of parameter
correlations; if water quality is apparently
uniform (sho.:ing only minor variations) would a
paired site approach szrongly dependent on water
quality parameters, be effective?

R~spcnse: Two q~ustions nr( -i arent here, one of which concerns
the statistical reliability of the correlations between
parameters, and another of wnch concerns the value of
strongly correlated parameters to !Daired site ccmparisons.
Regarding the former question, the signficance of computed
correlations between parariotcrs measured at paired sites
is indicated in Table 11 (p. 32). In Table II are presented
simcle correlation coefficients between parameters measured
at sitos Paired in and out of the Demonstration Corridor.
The parameter list in Table 11 was restricted to those
paraneters which showed significant (a<0.05) intrapazameter
correlation between locations (ie., diagonal elements of the
correlation matrix). Also given in Table 11 is the critical
value (a<0.05) which is to be used in testing each correla:ion
coefficient against the null hypothesis of no correlation.
If desired, an approximate confidence interval can be
calculated for each coefficient from the following equation
kp224, Rohlf and Sokal, Statistical Tables, Freeman, 1969).
For a 95% con:idence int2rval:

r - {t 0 . 0 5 ,24(i-r) r'; < . + "O.C5,24[( )/

w.here: : = true correlation coefficient
- = sample correlation coefficient

t0 = student's t statistic for a = 0.03,
and degrees of freedom = 24

--ith regard to tiw seconcd cuestion, a =aired site
azroach to water qualitv monitoring during a Demonstration
progra w.ould have an efficiency for detecting ship-induce
changes in water quality which would be directly related to
the degree of uniformity present in baseline water quality,
or water quality under non-demonstration conditions. That
is minor differences in baseline w:ater quality between
paired sites permit smaller differences in water quality to
be detected with equal statistical certainty or large
differences to be detected with greater statistical confi-
dence, than would be possible if water quality varied
greatly between locations.
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Question c: What is the reasoning for the recommendation that
"only those water quality parameters which
correlate between locations but are uncorrelated
with each other should be employed for multivariate
paired site comparisons"?

Response: When multivariate comparisons are made between data
sets which show strong intercorrelations between parameters,
as was the case with the paired site data presented in this
report, important relationships become confounded to the
point that interpretation of each may be impossible. Thus,
while the canonical analysis of the paired site parameters
identified statistically significant relationships between
parameters at paired locations, the relationships themselves
made no sense in ecologically significant terms.

The confounding arises from the fact that intercorrelated
variables are not independent from each other and provide
redundant information. For the paired site study, individual
water quality parameters varied over time between locations
in a manner which was related to variation in other parameters.
For example, levels of total soluble phosphorus and soluble
reactive phosphorus were correlated both within and between
paired sites. Thus, a multivariate test of site similarity
for phosphorus concentrations, which included both aypes of
phosphorus, would reject the null hypothesis with a greater
degree of certainty than a univariate test which considered
either type alone. However, the multivariate procedure
tests the relationship between a linear combination of the
two measures of phosphours, and, due to intercorrelation
between the measures, the test must account for reduncancy
of information. Accordingly, the redundancy is translated
into prediction equation coefficients which do not reflect
ecological reality even though they yield accurate
predictions.

By avoiding intercorrelated parameters, each variable
selected for study tends to focus on a relavitely distinct
ecological force within the aquatic system, such as, heat
input, point source pollutant loadings, ice melt, and bed
erosion. It should be noted that intercorrelated parameters
are responsible for the patterns of correlation observed
between parameters by the 'amily of statistical techniques
known as principal compone s, or factor analysis. In fact,
a factor analytic solution as presented in our report.
However, statistical signficance testing for principal
components and factor analyses has not progressed to the
point where such tests can be easily applied. Thus, overall
tests of water quality similarity between paired sites will
be most efficient in economic and ecologic terms if the
variable list includes parameters which are uncorrelated
for measurements taken at individual sites.
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Questions d: What would it take to develop a "determinitive
:tiudul of wLcr qnj ality" ?

and

e: What would be the approximate cost to implement
the reconmendations ?

Resconse: '.e feel that there is an urcent need to synthesize
current and future environmental cu-ality information cn
the St. Lawrene River ecosystem into a unified descrip-tion
of the overall environmental status of the river. Bringin=
together all of the fragmentary information is mandatory if
meaningful river management decisions are to be made on an
infor:-ed basis. it's our feeling that the best approach
to such a svnthesis is the de4jelo-ment of what is known as a
dterministic ecological model for the St. Lawrence River
aquazic ecosystem. A model of this na-ure would allcw
siUIation of the behaviorf 0:hynsical, chemical, and
bioloical characteristics of th e river ecosystem for a
civen set of basic incuts and forcing functions. The odei
i-self would consist of a %-erif*id mathematical form' ,:l - on
o- the imzortant physical, chemical, and biological processes
in the system.

The .'e... m.. .of sch a model wouli recuire a
uni_ed ecological monaioring prou:ram for the river in ord'er
to c-uantif;' in:-_s of the uarameters of :nzerest. Specifi
objectiv-s o: the mcnitoring urccram would be to obtain a
:emoorahly an- spati - 7l - ,inc :ota set fo - calibration
of the model and to obtain a seccnd, unque data set for
verification of the model. It is also likely that, in
addition to svstem monitoring, a research program would be
necessary to identify further and auantify the important
chysical, chemical, and biological orocesses and their
respective interactions.

e estimate that t~e dvelopment of an ecological

model for the St. L.'rence River would recuire an intensive,
well-coordinated project period of three to five years. An
effort of this nature is not inconceivable; since similar
models have been successfully developed for large lake
systems such as Lakes Erie and Ontario. The total cost of
such a project would propably be on the border of a million
dollars; however, it should be pointed out that a savings
would probably be realized over the current environmental
monitoring program for the river by the more coordinated
approach necessary for the model develo7ment.
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